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PREFACE 


NOVEL ROUTES TO INSECT SEX-PHEROMONES AND MACROLIDES VIA 
ACETYLENIC SlflJTHONS FROM CASTOR OIL 

Castor oil, 12-hydroxy octadec (Z) 9-enoic acid glycerol 

triester, is an abundantly available natural product. It is 

almost a single compound (*«93% ricinoleic ester) and the unique 

•y, 5 -un saturated moiety present imparts to it an exceptionally 

high versatility. Methanolysis of castor oil gives, readily, 

methyl 12-hydroxy octadec (z) 9-enoate ( ) . Thermally, 1 frag- 
2 2 2 

ments by a rts + as + crs process to methyl xmdec lO-enoate ig) 
and heptaldehyde (3), With hot aqueous alkali, J, undergoes a 
deep-seated re-arrangement leading to decane 1,10 dioic acid 
(sebacic acid, ^) , 2-octanol and 2-octanone. 

In the present work, as an appropriate illustration of 
the current, appealing^ facet of the art in organic synthesis, 
namely, the metamorphosis of readily available natural pTOducts 
to structures of current interest and utility, compounds ^ 
and ^ have been converted to, via novel synthons and strategies, 
invariably in good yields and high stereochemical purity - on the 
basis of GC analysis of representative sanples on a liquid crystal 


These numbers refer to those presented in the thesis. Section C, 
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column - a number of insect sex pheromones that are of current 
attraction. Additionally/ practical routes to vaccenic acid (36) , 
the macrolide/ recif eiolide (70) and travunatin (86) have been 
delineated. 


The C--18 castor oil bears a striking resemblance to the 
C-18 Insect sex pheromones of Achroia grisella / 1-oxo octadec (Z) 
11-ene (1/7) and Lycorea ceres ceres , 1-acetoxy octadec (Z) ll-ene 
( 19) . In the present -work/ 1 has been re-structured to J/7 and 19 
via key acetylide coupling of the novel synthon 1-tetrahydropyra- 
nyloxy dodec 11-yne (8) with n-hexyl bromide (IJ,) • The homo- 
logation of 2 to the key synthon 8 was accOTplished by sequence/ 
LAH reduction and DHP protection to l-tetrah 3 ^ropyranyloxy undec 
10-ene (5), hydroboration-PCC oxidation to 1-tetrahydropyranyloxy 


undecaial (6). Wlttig reaction with PhjP-CBr^ to 1-tetrahydropyra- 
nyloxy 12,12 dibromo dodec 11-ene iT) and dehalogenation with 


Li-Hg. The degradation of 2 12 was achieved by transformation 

to 1-acetoxy l-heptene (9), Cr02-Ac20 oxidation to hexanoic acid 

( 10) / esterification, LAH reduction and PBr^ treatment. Alkyla- 

1 

tion of acetylide generated from §_ by n-BuLi-HMPT with n-hexyl 
bromide gave, l-tetrahydropyranyloxy octadec 11-yne ( 14 ) * De- 
protection of with PPTS-EtOH gave 1-hydroxy octadec 11-yne 
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followed by stereoselective hydrogenation gave l-ac6toxy octadec 
(z) ll-ene ilS) * pheromone of Lycorea ceres ceres . GC 

analysis on a liquid crystal coliomn showed that the stereochemical 
purity of is 98,3% of the 2 isomer. 

1-Tetrahydropyranyloxy dodec 11-yne (8) has been demons- 
trated to be a good synthon for insect sex pheromones of the type 
R-CHsCH- (CH^) g-CH^X. 

Alkylation of the conjugate base of 8 with n-BuBr gave 
1-tetrahydropyranyloxy hexadec 11-yne (2£) and with EtBr# 1-tetra- 
hydropyranyloxy tetradec 11-yne (25). De-protection of _20 and 2^ 
followed by stereoselective hydrogenation gave# 1-hydroxy hexadec 
(2) ll-ene (^) and 1-hydroxy tetradec (z) ll-ene (27) # the sex 
pheromones related to# respectively# Mamestra conf iqurata and 
Archlps rosanus . Direct -OTHP — > -OAc transformation of 2^ and 
25# followed by stereoselective hydrogenation gave 1-acetoxy 
hexadec (Z) ll-ene (24) and 1-acetoxy tetradec (Z) ll-ene (29) # 
the sex pheromones related to# respectively# Scotooramma trifolli 
and Choris toneur a rosaceana . GC analysis of 29 on a special 
liquid crystal coluim demonstrated that it contained# at least# 

95% of the desired Z-isomer, A similar selectivity for 24 has 
been deduced from such an analysis on its lower homolog. 

Reduction of 25 with soditjum-liquld ammonia gave# l-tetra-^ 
hydropyranyloxy tetradec (E) ll-ene (^) which# on de-protection# 
gave 1-hydroxy tetradec (E) 11— ene (31) # the sex pheromone of 
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Arch ip s argyrospylus / and on direct -OTHP — -OAc change led to 

I- acetoxy tetradec (E) ll-ene (^) / the sex pheromone of 
Platyonota stultana . 

A practical route to the rare fatty acid/ octadec (Z) 

II- enoic acid (^, vaccenic acid) has been achieved from the key 
synthon 8 by sequence/ de~protection/ Jones* oxidation/ alkyla- 
tion and stereoselective hydrogenation. 

The versatility of sebacic acid (^) / the degradation 
product of castor oil with hot alkali/ as a useful synthon has 
been illustrated by its transformation to non 8-ynoic acid (57) / 
which/ in turn# has been demonstrated to be a good precursor for 
insect sex pheromones and macrolides# 

The ^ ^ change incorporates a surprisingly# extra- 

ordinarily regioselective/decarboxylative n generation. Thus# 
decane l/lO-dioic acid monomethyl ester (55) , prepared by 
preferential saponif icaticn of the di-ester with Ba(OH) 
gave# cleanly# on treatment with Pb(OAc) ^-Cu(OAc) 2 # methyl non 
8-enoate (56) with no detectable (NMR) amounts of the internal 
olefin. The latter was transformed to non 8-ynoic acid ( 57 ) by 
addition of Brj foi;Lowea by careful dahydrohalogenation. 

No clean procedure is presently available for the 

terminal n — lower terminal Tt change. In the present work# 

such a change has been illustrated with the methyl undec 10-enoate 
methyl dec 9-Qioate (j^) transformation via 
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methyl xmdecane 1^11 dioic acid monoester (73)# which was prepared 
from 2 by hydroboration and Cr02-H2S0^ treatment. Parenthetically, 
49 is a key prostaglandin synthon. 

l-Tetrah 3 ^ropyranyloxy non 8-yne ( 62 ) , readily prepared 
from non S-ynoic acid ( 57 ) via esterification to methyl non 
S.ynoate ( 60 ) , LAH reduction and DHP protection, could be anti- 
cipated to be a useful synthon for the preparation of insect sex 
pheromones of the type R-CH»CH- (CH^) g-CH^X. This has been demons- 
trated with the synthesis of, from § 2 ,* 1-acetoxy dodec (Z) 8-ene 
(65), the sex pheromone related to Grarholita molesta bv sequence, 
n-PrBr alkylation, direct -OTHP — ^ -OAc change and stereo- 
selective hydrogen aticn. 


The naturally occurring macrolide, recifeiolide (70), has 
been reached, in the present work, by an exceptionally short route 
from sebacic acid (^) via the key synthon non 8- ynoic acid (57) 
by selective acetylide alkylation with l-bromo 2-hydroxy propane 
(67), followed by sodium-liquid ammonia reduction and cyclization. 
The alkylation step, however, needs to be iiip roved greatly* ' 


Boiribykol, a very important insect sex pheromone related to 


«-■ 1 1 


Bombvx mori - a common form of silkworm moth - has been synthesized, 
in good overall yields and excellent stereochemical purity, from 
methyl undec lO-enoate thermal fragmentation product from 


castor oil 
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1 -Tetrahydropyranyloxy undec lO-yne (78) - readily derived 
from 2 by Br 2 addition, alkali mediated dehydrohalogen ation and 
esterification to methyl nndec lO-enoate (76) followed by LAH 
reduction and DHP protection ^ on hydroxymethyl ation with 
n-B\iLi-(CH20)^/ hydrogenation and PCC oxidation gave l-tetra 
hydropyranyloxy 12-oxo dodec (E) 10-ene (81), which, on carefully 
controlled Wittig reaction with Ph 3 P=CHC 3 H 7 followed by de, 
protection, gave l-hydroxy hexadeca 10(E), 12 (z) -diene (8^), 
bombykol. GC analysis on a liquid crystal column showed that 
^ contained 89.3% of the desired E, Z isomer. Hydroxymethy- 
1 ation of 76 with CU 2 O- formalin followed by hydrogenation and 
PCC oxidation gave methyl 12-oxo dodec (E) lO-enoate (^) , the 
methyl ester of the naturally occurring rare aldehyde acid, 

traumatin. 
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A, INTRODUCTION 

The present work endeavours to illustrate an attractive 
and useful facet of the art in organic synthesis, namely, the 
metamorphosis of readily available natural products to structures 
of current interest and utility# 

Long chain, saturated and unsaturated, fatty acids bear a 
striking structural similarity to a variety of rare natural 
products of current interest, such as, insect sex pheromones, 
prostaglandins and macrolides and, therefore, the tools available 
for organic synthesis can, in principle, be used to re-structure 
fatty acids to a variety of other natural products. 

Amongst the fatty acids that are abundantly available in 
nature, castor oil offers the maximum advantage. Unlike most 
other naturally occurring oils it is almost a single compound 
(*^93% ricinoleic ester) and is singularly gifted with functional 
groups that could be operated upon, either individually or in 
conoext. Particularly, the unique # 6 -iiiisatu rated moiety 
present in castor oil imparts to it an exceptionally high 
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versatility. Thus, theiraally, methyl ricinoleate fragments by a 

2 2 2 

7t s + a s + a s process to methyl undec lO-enoate and heptaldehyde# 
and with hot aqueous alkali it undergoes a practical, deep-seated 
rearrangement leading to decane l, lO-dioic acid (sebacic acid). 

In the present work, methyl undec 10-enoate and decane 
1,10-dioic acid have been transformed via novel synthons and 
strategies. Invariably in good yields and with high stereochonical 
purity - on the basis of GC analysis of representative samples 
on a liquid crystal column - to a number of insect sex pheromones 
that are of current attraction. Additionally, practical routes 
to vaccenic acid, traumatin and the naturally occurring macrolide, 
recifeiolide, have been delineated (Chart A,I) . 

As a broad base for the present work, it was considered 
appropriate to provide a background that has, as the focus, 
organic synthesis via synthons derived f ran fatty acids. Such 
an account is presented in Section B, 




CHART A.i 
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Important, naturaUy occurring , compounds pr«par«d in th« pr«sent 
work (section C) from Indian castor oil. 


Compound 


Related species 



AchrolQ grisgUg 



Lycorco ceres ceres 

Mamestro coinfigurota 

Scotogromina trifoUl '■ 
Archlps rosonus 
Chortstoneuro rosaccorKi 
Archips orgyrospyius 
Ptotyonoto stuHona 

Graphotitg motesta 

% 

Bombyx mori 
Voccenic acid 

Reciftlollde 

(Ccphatosporlum reclfcl) 



B, BACKGROUND 


A substantial portion of the energy stored in carbon 
frameworks is in the form of fatty acids. Their bio-synthesis 
and metabolism constitute one of the most important facets of 
energy storage and utilization by the living systems. Fatty 
acids, therefore, are ubiquitous in nature and they ought to 
serve, inter alia , as a rich source for very many varieties of 
synthons related to diverse structural frameworks. Surprisingly, 
in spite of this recognition, in contrast to other natural 
products, such as, carbohydrates, isoprenoids and alkaloids, the 
utilization of naturally occurring fatty acids for organic 
syntheses has, thus far, received scant attention. Indeed, there 
appears to be no review that illustrates possibilities in this 
direction. It was felt, therefore, that such an account would 
be a useful^ timely and apprcqpriate background to the present 
work. In view of the vastness of the area and the great diffi- 
culties relating to the identification of different types, the 
material presented in this Section is illustrative rather than 
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exhaustive, excepting for a fairly comprehensive literature 
coverage for a single year, namely, 1981, via the meditim of 
Chemical Abstracts. Nevertheless, it is hoped that this back- 
gixjund vx^uld be adequate in illustrating the possibilities of 
fatty acids derived synthons in organic syntheses. Parentheti- 
cally, in the following account, wherever the source for the 
starting synthon is not given, possible ways by which it could 
arise, from either readily available, naturally occurring^ fatty 
acids, or synthons derived from them, are appended and connected 
to the citation by broken arrows. 

Fatty Acids as a Source of Synthons related to Insect Sex 
Pheromones 

Olefinic Synthons : 

The insect sex pheromone, bombykol, of the species Bombvx 
mori , has been pr^ared via regies el active opening of epoxide 

1 

related to methyl undec 10-enoate v:ith acetylide (Chart B.l), ■ 

A key C-l3 terminal oxirane again serves as an excellent 
precursor for the chiral 5-lactone related to a species of 
oriental hornet. The oxirane, in turn# can readily be related 
to methyl undec 10-enoate, a thermal fragmentation product of 
castor oil (Chart B.II), A number of insect sex pheromones 
have been prepared from terminal n -systems derivable from fatty 
acids by cleavage to aldehyde followed by Wittig reaction 
(Chart B.III) 





LljCuCU 





m Ci»PBA , 

3. resolve 
Mel « AgOH 



CW^— OX 
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Acetylenic Synthons : 

Insect pheromones, generally, could be antithetically 

analysed in terms of the union of a head group, which carries a 

polar functional unit, and a hydrophobic tail fragment. The 

acetyl ide grouping has served as an excellent agent to bring 

about the combination of the head and tail moieties (Chart B,IV, 

4 5 

Chart B.V) , ' A recently discovered, appealing, strategy for 

such a combination, useful for the synthesis of pheromones 

possessing multiple 71 -arrays, is by group transfer mediated by 

boranes. This can be illustrated with the synthesis of bombybol 

wherein the key step involves the transfer of a 1-pentynyl 

fragment to a synthon derivable from methyl undec lO-enoate 
6 

(Chart B.VI) , This strategy also offers a general route to . 

n 

insect sex pheromones possessing E,E 1,3 diene units (Chart B. VII), 

The key group transfer can also be brought about with Pd complexes, 

as illustrated with the synthesis of the pheromone related to 

Lobes i a botrana (Chart B.VIII) , That the acetylene can serve as 

an attractive agent to bring about the combination of the two 

9 

fragments is illustrated in Chart B.IX. In this strategy, a 
Z-disposed CuLi n systaia, arising from the addition of an organo- 
lithio copper agent to acetylene, readily couples with a halide 
leading to pheromones possessing a Z -unit. 



CHART B.IV 
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R-CsC-Li + X~(CH2)n-CH2A ► R~C«C-(CH2)n'“CH2A 

— — t - R-CH=CH-(CH2)n--CH2B 

mm i i , :i 

RX + LI~CsC~(CH2)n““CH2A ► R-C«C~(CH2>n-CH2A 

~:i:— t RCH=CH~~(CH2)n~CH2B 


CHART B.Vl 




CHART B.VI! 
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H 

E ^ 

H~CsC-(CH2)n~CH2A '^\^0x^(CH2)n“‘CH2A 

ij: 

H 

NaOMe ^ 

H2O2 (CH2)n-CH2A 


CHART B.VIII 






H ^ 

{H~H~^ BH 


1 . 

S r f' 

Pd(PPh3i^,M«ONa 
2. AcOH 3.H2q2»Of 
A. AcjO I AcOH 




1 .(H+h)2 BH 

a.« Aj^ - 

3. H202,0H“ 


, chart g ,.t,x 

^ /rzix CH?B 

A-CHj-(CH2)n-X t r/^,Ch,,/ 

■ CHART B-X 


X~*(CH2)n“-A + RCHO 


WIttig 


R~CH=CH-(qH2)n«i-’^ 


R~CH=CH-(CH2)n.t“'0 
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Halide Synthons : 

A rational comprehension of the factors which give rise 

to either the E or the Z double bond has led to a very popular 

method for the synthesis of insect sex pheromones by the Wittig 

10 

reaction (Chart B„X) . Organometallic agents can be efficiently 

coupled with allylic halides in presence of the catalyst Li^CuCl^, 

thus/ leading to the synthesis of insect sex pheromones 
1 1 

(Chart B.XI) , C-C bond formation leading to the synthesis of 
pheromones has also been accomplished via nucleophilic displace- 
ment with phosphonate anions. This functional group could then 
be removed with leading t-o, regioselectively/ 7T -transposed 

systans (Chart B.XII).^^ 

Oxo Synthons : 

K number of insect sex pheromones have been prepared/ v*ia 

Wittig reaction, from 0X0 synthons readily available from fatty 

l3 

acids (Chart B.XIII) . Silicon containing synthons offer many 
advantages in syntheses. Thus, their conjugate bases can be 
stabilized and the tendency of the silicon residue to depart 
readily and its affinity to oxygen can be taken advantage of. 
These are illustrated in the very attractive synthesis of 
disparlure from n-undecanal (Chart B, XIV) The generation of ' 

a, 0 - unsaturated esters from saturated precursors is a rather 
vexing problan. Iin excellent methodology is now available for 
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CHART B. XI 


X“ {CH2>n“CH2A 


hm 


R- CH=CH -{CH2)n*rCH2 A 


2 . R~CH=CH-CH2~X , 
Li2Ci}Cl4 


♦ R~CH=CH-(CH 2 )n+»~B 


CHART B. XI! 




CHART B Xlll 

9 ' RCHoBr 

H-^(CHj)ri-* -mk-* -<CHa)„-A 

R„CH=CH-(CH2)n-B 



CHART B.XIV 
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I.SOCb 
2. Li CHabCu 

■ .,■■■ JBB i i iiiwiiiiii ntM liti 



I.R2NU 
s ► 

OMe 2.Nte&-SMc 


KaKctat 




1. C0CO3 

2. Ajtolucne 
3* hydrolysis 
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this transformation via elimination involving sulfoxides. This 
is illustrated with the transformation of methyl 9-oxo decanoate/ 
available frcxn azealic acid/ to the queen bee pheromone 
(Chart B.ICV) 

Fatty Acids as a Source of Synthons related to Prostaglandins 

All prostaglandins can be considered# in principle# as 

deriyatives of the hypothetical non- natural fatty acid# pros tanoic 

acid, Notionally, prostaglandins are chirally and# or otherwise# 

functionalized prostanoic acids. Consequently, synthons derived 

from fatty acids which have been transformed to prostaglandins# 

or intermediates related to these# are either fragments of# or 

re-structured# naturally occurring fatty acids. For example# 

the head segment of oleic acid has been ingeniously incorporated 

in PGE^ via nucleophilic addition to a highly functionalized 

"I 6 

chiral aldehyde (Chart B.XVI) , also been prepared 

from methyl undeca 8# 10-dienoate by cyclo^ addition followed by 

17 

rej- organisation (Chart B.XVIl) , The first synthesis of 
involved# as the primary step, the Michael addition of a nitro- 
nate to i-cyano 9-oxo non 7-ene# readily derivable from methyl 
undec lO-enoate (Chart B.XVIII),^® 

Castor oil bears a striking resemblance to PGP^ot and the 
re-structuring of the former to the latter has been accomplished* 
Additionally# the strategy employed for this transformation led 






. i H 0 

M«00C-(CH2)6 

CHART B.XVIll 
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to a route for etheno PGH^ (Chart B.XIiC) , Ethyl 9-cyano non 

8- enoate and 1-cyano 8~nitro oct 7~ene,xvhich can now be prepared 

from sebacic acid by i:)rocedures develqped in the present work^ 

are synthons v/hich have been transformed, by key 4 + 2 additions, 

to, respectively, PGF^a and PGE^ (Chart B. XX, Chart B.XXI) .^°'^^ 

Enrichment of functionality on diethyl sebacate via alkylation 

with ethyl cyanoacetate is another strategy that has been used 

0 o 

for synthesis of (Chart B,XXII) . By a similar method, 

dimethyl 9-oxo undecanoate has been transformed to PGF^C^ 

(chart B, XXIII) . The identification of l~(6'-carbomethoxy 
hexyl) -cyclopent 1-enone as a prostanoid synthon has led to the 
discovery of several routes to this enone, the most important 
ones of which originate from methyl undec lO-enoate and traumatic 
acid (Chart B.XXTV) , The regies elective opening of alkoxy 
cyclopropyl ketones forms the key strategy in the transfoi> 
mation of azealic acid to the above cyclop entenone. Interestingly, 
the cyclopropyl system was generated from a di azoketone by 
carbenic addition to n-butyl vinyl ether (Chart B.XXV) . The 
cyclopentenone system has been . constructed, in a novel manner, 
by key addition of a cyclopropane equivalent to methyl undec 

9- ynoate which can be readily prepared from undec I0«enoic acid 
(Chart B.JDCVI) 

An equally versatile prostanoid synthon is 3-(6'-carbo- 
methoxy hexyl) -cyclop entane 1,2,4 trione,whose chief attraction 



CHART d>XIX 
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COOMe 


H 



CObMc 



Ethcno PGH’j 


CHART B.XX 



PGFiot 


CHART B.XXI 




CHART B.XXn 


!7 


OEt 
PGEi 

CHART B.XXlil 

COOMe 


McO" 


:OOHf 


NG-^COOEt 



CHART 8.XXIV 





CHART B.XXVI 
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COOH 




'COOMc 


0 



Ag3F4 



COOM« 


CHART B.XXVII 




PGB , PGFio< , PGEi 



^ — — - p(3 Endoperoxidc analogs 
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being the ease with which the l-*carbonyl function can be reduced 
as;iTiirnetrically to the (R) alcohol vd.th Dlpodascus uni nucleatus , 

The synthesis of the trione has been achieved from the readily 

97 

available methyl undec lO-enoate or azealic acid (Chart B. XXV II) t 
Synthons derived from fatty acids have been used in the prepara- 
tion of various prostaglandin analogs, a noteworthy illustration 
being the synthesis of PG endoperoxide analogs via an unusual 

addition of methyl undec 10-enoate to norbomene mediated by Pd 

28 

reagents (Chart B,3DCVIII) . The T ,6 -unsaturated alcohol unit 

in castor oil can be quite easily transformed to the 1,4 -dike tone, 

the latter, on aldol condensation, gives rise to disubstituted 

cyclopentenones which bear a striking resemblance to prostaglandin, 

29 

(Chart B.XJCIX) , Di-oxa prostaglandins can also be prepared 

30 

from methyl undec 10-enoate (Chart B.X2GC) , 

Fatty Acids as a Sourco of Synthons for Unusual and Rare Fatty 
Acids 

The established metabolic pathways in living systems 
exhibit a sharp preference for the synthesis and storage of a 
selected handful of fatty acids. On the other hand, a variety 
of fatty acids, not favoured by common metabolic pathways, play 
a vital role in living systems. The synthesis of such rare fatty 
acids constitutes a significant facet of the art in organic . 
synthesis and it is becoming increasingly clear that the best 
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methodology for their preparation is from synthons derived from 
readily available fatty acids. 

} 

Tuberculostearic acid/ 10-methyl octadecanoic acid/ is 
a major lipid constituent of tubercle bacilli. This acid can 
readily be prepared from sebacic acid involving electrolytic 
coupling (Chart B.XXXI) , The elongation of the methylene 
chain of synthons from readily available fatty acids is a 
strategy commonly employed for the prex^aration of unusual fatty 
acids. Three different and interesting methodologies are 
illustrated in Chart B.XXXII/^^ Chart B. XXXIII/ and 

Chart B. XXXIV, A lipid carrying a terminal hydroquinone 
unit has been prepared in a very elegant fashion via diborane 
mediated union of methyl undec 10- enoate and quinone 
(Chart B.X5CXV) 

It is of interest that chaulmoogra oil/ a fatty acid 
glyceride/ has been used for centuries in India’ and China for 
treatment of the two diseases caused by fat encapsulated acid- 
fast bacteria/ leprosy and tuberculosis. The glycerides are 
probably converted in the body to the free fatty acid ■which is 
the active agent. Chaulmoogric acid/ a major component of the 
oil has been prepared by the union of cyclopentenyl acetic acid 

with tridecane l/l3-dioic acid monoester. The latter can readily 

'' 36 ' 

be prepared from methyl undec lO-enoate (Chart B, XXXVI) . The 

C-22 olefinic erucic acid/ the major fatty acid present in 



CHART B.XXXll 


V 





AcCHsEtbase^ 

E»eOOEt 



1. l-(CH2)toE,base 

2. K 2 C 03 ,PrC 0 M« ^ 

3. NH|NH2»K0H 



M A RI J LJMi 
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CHART B. XXXVI 



HOOC 

C%*(CH^)^-CsC-(CH2)7“COOH — — — 

Ch%-(GH2)f-CHC- (CHjJj^-COOH — CH3 CCH2)7~CH^GH-(CH2)t, COOH 


CHART B>xxxvni 





NH4Cl,Cu2a2 > air 



COOMe 
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mustard seeds, has been prepared by homologation of stereolic 

acid involving the intermediacy of another, naturally occurring 

37 

fatty acid, behenolic acid (Chart B.IDCCVII) , Methyl undec 
10-enoate is a good precursor for the di- acetylenic, isanic acid 
(Chart B.XJQCVIII) * Lamenallenic acid, a naturally occurring 
allenic fatty acid, has been prepared from undec 10-enoic acid, 

A key feature of the synthesis is the generation of the allenic 
unit by reduction of a conjugated enyne system with LAH 

3 Q 

(Chart B.XffiCIX) , Traumatic acid, l, 12-dodec (E) 2-ene dioic 
acid, is a plant constituent which induces division and extension 
of plant cells. The use of this for prostanoid synthesis has 
been illustrated ( vide supra ) . An exceptionally practical route 
to traumatic acid involves radical induced addition of CCl^ to 

undec 10-enoic acid followed by the -CCl^ > -COOH change and 

elimination (Chart B.XL) 

Royal jelly, the sole food for the queen bee larvae and the 
adult queen, consists of carbohydrates (l5%), proteins (31^) and 
lipids (15%), in addition to a number of vitamins and other 
growth factors. Royal jelly acid is the major component of the 

lipids, 10-Hydroxy dec (E) 2-enoic acid, the royal jelly acid, 

' 4? 1 

has been prepared from undec 10-enoic acid (Chart XLI) . Methyl 

undec 10-ynoate, easily available from methyl undec 10-enoate, 

forms a versatile organomercurial, on treatment with R 2 BH + HgCl 2 / 

42 

which can be transformed to a variety of ccmpounds (Chart B.XLII). 



CHART B.XXXIX 
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1 . Br 2 2.K0H 
3 . Na,NH3 



1 . LAH 2. HBr ^ 

3 . CEC- CH=CH-CH20THP 


% 





CHART B. XL 




CHART B. XU 
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CHART B.XLII 
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Perhaps the most significant development in the area of 

fatty acids is transformations brought about by metathetic 

processes, A recent understanding of the mechanistic pathways 

involved in those changes, coupled with the discovery of a variety 

of appropriate reagents and the development of techniques to 

effect a ready separation of the products, have very vastly 

increased the synthetic scope of this powerful method. A simple 

and apt illustration of this process is the ready metathetic 

transformation of methyl undec 10-enoate to dimethyl eicosa 

43 

(E) 10-en dioate (Chart B.XLIII) , Nonanal, a degradation 
product of oleic acid, has been transformed to tetrahydrocerulenin 
(Chart B.XLIV) .^'^ 

Metabolic pathways could be expected to undergo changes 
during dietary stress and recently a series of rare furanoid 
fatty acids have been isolated from aquatic species deprived of 
proper nutrition. A surprising correlation between these rare 
fatty acids and ricinoleic acid has been discovered recently. 

Thus, methyl ricinoleate is readily transformed to the above 
described furan containing fatty acids (Chart B.XLV) . A very 

interesting reaction of ricinoleic acid is its ' transformation to 

• 46 

a lactone containing fatty acid with CO + B.XLV), 

Fatty Acids as a Source of Synthons for Macrocvclic Systems 


The synthetic power of the metathesis reaction is best 
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CHART B.XUV 



CHART B.XIV 


1 . CoUins 



2. mClPBA 


COOMc 



.COOM« 


H 2 SOA ^ NteOOC 


CO 



•0 
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illustrated with the formation of the C-20 macrocyclic lactone 

on treatment of 10 undecenyl undec 10-enoate with WClg-Cp 2 TiMe 2 . 

A similar set of reactions v/ith oleyl oleate leads smoothly to 

4 7 

a C-18 macrocyclic lactone and octadec 9-ene (Chart B.XLVI) , 

The musk-like odour of several seed oils is due to the presence 

of, in very small araounts, macrocyclic lactones. The synthesis 

of one of these, namely, iso-ambrettolide, a C-16 lactone has 

/ \ 4* S 

been accomplished from chloro undec 10-ene (Chart B.XLVII) , 

The 0) -hydroxy carboxylic system, a requisite for macrocyclic 

lactones, can be created from appropriate organo- copper reagents 

and 3 -propiolactone. Thus, 12-methoxy dodecyl magnesium bromide 

reacts with 0 -propiolactone in presence of Cu leading to 

l5-methoxy pentadecanoic acid which can be readily cyclised to 

exaltolide (Chart B.XLVIII) An ingenious method has been 

recently discovered for tbe preparation of macrocyclic lactones 

from fatty acids derived synthons, wherein a 2-methyl oxazole 

unit serves, not only as the recipient of the lipid unit, but 

also, as a precursor to a highly activated amide. The strategy 

involved in this is illustrated with the synthesis of l3-tridc- 
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canolide (Chart B.XLIX) , Ricinelaidic acid has been cyclised 
to a C-12 macrocyclic lactone that bears a striking resemblance 
to recifeiolide (Chart B.L) , Macrocyclic lactones that 
incorporate a peri phenyl bridge have been prepared by an unusual 

cleavage of oxetanes resulting from photochemical ly induced, 

'■ 52' 

intramolecular cyclo- addition of lO-undecenoic esters (Chart B.LI). 








CHAfiT B Utl 
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Civetons/ an important, and classical ingredient in several 

types of perfumes, has been prepared by a particularly attractive 

strategy involving the metathesis of ethyl oleate followed by 

53 

Diecl'cmann cyclisation (Chart B.LII) , The C-15 cyclic 3cetone, 

muscone, continues to attract synthetic interest in view of its 

application as a perfume. An attractive synthesis for muscone 

involves the electrolytic coupling of monomethyl ester of 

glutaric acid with methyl hydrogen tridecanoate followed by 

/ V 54 

Dieclonann cyclisation (Chart B.LIII) . 

Fatty Acids as a Source of Svnthons related to Lipids 

Currently, there is a great deal of interest in the 

straight chain C-30 alcohol, triacontanol, because of its 

reported ability to dramatically enhance the yields of a variety 

of food materials. Of the several methods that have been 

delineated leading to this unusual alcohol, two are particularly 

noteworthy. The first of these is the transformation of 

nonasicosa 1-ene, prepared from a Li 2 CuCl^ mediated coupling of 

bromo undec lO-ene and steryl bromide, via peroxide mediated 

addition of elcanents of chloroform followed by hydrolysis' and 

55 

r^luction (Chart B.L IV) . The second procedure is fran " 

triaconta 1 5- ene, arising frcm the metathesis of 1-hexadecene, 
by h37droboration, thermal boron migration to the terminus and 
oxidation (Chart B.LV) , 
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^Li2 Cu C 



t. CHCI3 , BZ2O2 
,2. OHT 3 . LAH 

f 



CHART B.LV 



WCl 6 , 

ShBu 4 

CH3CN,Cl2C=CHCl 



1. B2Hs>diglyrr>c^ 
A 


2 . H2G2 , NaOH 



CHART B. LVl 
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Recently, a class of lipids have been identified wherein 
a hydrocarbon residue is attached to sugars. The simplest of 
these is 0^1 undecyl glucose which has been found to be parti- 
cularly useful in the removal of lipids frcm biological samples, 

specially those related to visual pigments. The synthesis of 

57 

this lipid is illustrated in Chart B.LVI, 

Fatty Acids as a Source of Synthons related to Hydrocarbons 

A variety of hydrocarbons have been prepared from fatty 

acids via diverse, conventional coupling and decarboxyl ative 

procedures. The synthesis of trieicosa (Z) 9-ene, musculure, 

the pheromone related to the common housefly, by three different 

routes from oleic acid, serves as a good illustration of the 

continued development of methodologies relating to the trans- 
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formation of fatty acids to hydrocarbons (Chart B.LVII) , 



EsCOOEt 


2 EtljNaH 
3-f4aOH 




C. PRESENT WORK 


The central theme of the present work is the transfor- 
mation of castor oil to novel acetylenic synthons and illus- 
tration of their versatility in syntheses. The choice of 
acetylenic precursors is related to the fact' that they provide, 
not only a sljrple method for C-C bond formation but also can be 
transformed, with a very high degree of stereoselectivity, to 
Z olefins, to which category a preponderantly large nximber of 
insect sex pheromones belong. The acetylenic synthons, in turn, 
were p reared from methyl undec 10-enoate (2) and sebacic acid ( 53), 
both of which are the primary fragmentation products of castor 
oil, 

l-Tetrahydropyranyloxy dodec ll-yne (8) , a key synthon 
that has been transformed, in the present work, to several 
natural products, was prepared by a strategy that incorporated a 
terminal n — ^ -CH^-CaCH change. Another novel C-12 synthon, 
namely, 1-tetrahydropyranyloxy 12- hydroxy dodec 10-yne ( 79 ) , was 
prepared by a crucial C-C bond formation with formaldehyde. 
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The versatility of 79 has been illustrated by its transfomation 
to bombykol (^) , The related hydroxymethyl system 84 has been 
transformed to traumatin (86). Non 8-ynoic acid (57) , the third 
acetylenic synthon used in the present work, was prepared from 
methyl undec 10-enoate (2), as well as, from sebacic acid (53) . 
Thus, whereas the 2 — ^ 51^ change involved classical^ repetetive 
degradation from the carboxyl end, the ^ ^ ^ change was 

accomplished by a surprisingly, extraordinarily regios elective# 
decarboxyl ative n -generation, which has been demonstrated to be 

a general reaction for terminal H > lower terminal change, 

for which no clean procedures are currently available. The 
usefulness of 57, as an important synthon has been demonstrated 
with the synthesis of the sex pheromone related to the insect 
species Grapholita molesta (65) and the synthesis of the 
macrolide, recifeiolide ( 70 ) , 

The practical and stereochemical facets involved in the 
above transformations played an Important role in the overall 
strategy. In view of the fact that insect sex pheromones are 
thinly spread amongst vast sexually specific insect populations^ 
their isolation from natural sources is impractical and, there- 
fore, any rational route to them must have practical potential. 
Intimately linked to this is the heed for very high stereochemical 
purity, since, the potency of insect sex pheromones is critically 
linked to this criterion. The overall yield of the pheromones 
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prepared in the present work was good and the stereochanical 
purity excellent* ** Representative sanples of pheromones have 
been analysed by Dr. David R. Hall# Tropical Products Institute# 
London on 1,8 m x 2 mm i.d, 5% SE 3CH-0,5% Carbowax 20M/Chromosorb 
WHP# l,8mx2 mm i.d. Carbowax 20M on Chromosorb G AW DMCS# 

100-120 mesh# and 1,8 mx 2 mm i.d, S^o 4- (p-methoxycinnamyloxy) - 
4 '-methoxyazobenzene on Gas Chrom Q columns. 

The genesis of the work presented in this Section was# 

inter alia # the recognition of the striking resemblance between 

the G-18 castor oil (i# R=glyceride) and the C-18 insect sex 

ic 59 

pheromones of Achroia oris ell a ( l7 ) ' and Lvcorea ceres 
**»60 

ceres (^) ' , 


* Achroia grisella # a species of wax moth, are specific enemies 
of bees. Their caterpillars make silken tunnels in the bee- 
comb under cover of which they feed on bee wax. When the 
attack is severe# the bees are obliged to abandon their nest. 
The sex attractant is produced by the males in their wing 
glands. It consists of n-undecenal and octadec (z) 11-en 1-al, 
Field trials have shown that 10 mg of undecenal and 0,1 mg of 
octadec (Z) 11-en 1-al can attract females, 

** In the Queen butterfly of the species Lvcorea ceres ceres # the 
male markers can induce a female on flight for mating by 
secretion of an attractant via organs called hair pencils# that 
can be extruded frcam the eM of the abdomen. Solvent extra?- 
ction of 100 hair pencils from live males of this species gave 
8,3 mg of octadec (2) 11-enyl acetate in addition to 2#3-dihy- 
dro 7-methyl IH pyrrolizin l-one (10 mg) and cetyl acetate 
(4,5 mg) , 
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In the present work 1 has been re-structured to ^ and 
19 from the C-ll + C-7 fragmentation products of methyl ricinole- 
ate (J,/ R=Me) , namely, 2 and 3, by homologation of the former to 

the novel key synthon, 1-tetrahydrqpyranyloxy dodec 11-yne {§) 

# 

and the degradation of the latter to n- hexyl bromide ( 13 ) and 
their subsequent union (Chart C.I). 

The synthesis of 1-tetrahydropyranyloxy dodec 11-yne (8) via 
hanologation of ^ 

Castor oil (^, R=glyceride) was trans-esterified to methyl 

ricinoleate (i, R=Me) , in 834 yields, with methanol containing ' 

2 2 2 

catalytic amounts of sodixm methoxide. The s + cr s t a s 
fragmentation (retro-ene) of ^ (R=Me) to methyl undec 10-enoate(2) 
and n-h^taldehyde (3) was accaiplished in 49% yields by pyrolysis 
over a Ixominous flane, the thermal distribution being effected 
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by support on glass-wool or sand.®^ The major fragmentation 
product 2 was transformed to the C-12 synthon 8, via sequence 

outlinBd. in Cho-irt C* II* a* 


I : bp 128-130°/0,02 torr; 

xxrv (neat) (cm“^) : 3440 (hydroxyl), 1742 (ester). 

nmr=d,cnci )= 2 H,-qi=cS-) • 

2 : bp 80-81°/0.09 torr; 

ir* V (neat) (orT^) : 1742 (ester), 1640 (double bond) . 
max 

nmr: 6 (cDCl )= ' 

3 ■ 

5.78 (m, IH, CH 2 =CH-) , 


Methyl undeo 10-enoate (2) was transformed, in 9» yields, 
to 1-hydroxy undeo 10-ene (4) with LAH and then to the THP ether 5 
Csy/o) with DHP-pyridinium p-toluene sulfonate CPPTS) . The 
latter crystalline reagent makes -OH protection, as well as, 

-OTHP de-protection facile and clean operations, as compared to 
the usual PTSA, which gives dark coloured reaction mixtures. The 
direct transformation of i- tetrahydrci>yranyloxy undec 10-ene (5) 
to i-tetrahydropyranyloxy undecanal (6) was acconflished, in 7254 
yields, by an advantageously simplified hydroboration-oxidatlon 
se^ence. The aldehyde 6 was transformed to the aga dihrcmo 
olefin 7 (7954) by in aiSi generate PhjI-OBr^, from carbon-tetre. 
bromide, and then, with 1.S4 Li-Hg amalgam, conveniently pr«>ared 



Chart C.II 





1 . M«OH , 

2. LAHyEtp 
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under hot tetralin# to the acetylene 8 (47%; overall yield from 
_2/ 23%) (Chart C.II.a), The yield in the _7 — ^ 8 change reflects 
the fact that the precursors 6 and 7 were used without further 
purification because of their limited stability. 



bp 76-80°/0,05 torr; 

— 1 

ir: V (neat) (cm ) ; 3350 (hydroxyl) , 1645 (double bond) . 

luaLX. 

bp 85-88°/0.05 torr; 

ir: V (neat) (cm”^) : 1640 (double bond), 1135, 1120, 1080, 
max 

1030 (-0THP) , 

ir: v ^^(neat) (cm”^) : 1730 (aldehyde), 1135, 1120, 1080, 
1030' (-0THP) . 

ir: V (neat) (on"^) : 1620 (double bond) , 1135, 1120, 1080, 

ITia^ 

1030 (-0THP) . 


bp 120-123°/0.2 torr; 

ir: V (neat) (cm~^) : 3310 (-CsC-H) , 2120 (-C=C-) , 1135, 
max 

1120, 1080, 1030 (-OTHP) . 


nmr: 6 N : 1.9 (t, IH, H-CaC-) , 2.25 (m, 2H, -CsC-CH»-) , 

3. 2-4.0 (m, 4H, -CH -O-LqXT/ 4.58 (s, IH, -Oys^ ) ^ 
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The degradation of heptaldehyde i3) to n-hexyl bromide (l3) 

The transformation of the minor fragment, n-heptaldehydeC^), 
to n-hexyl bromide (13) was accomplished in 38% overall yield via 
sequence outlined in Chart C. Il.b, Freshly distilled 3 was 
transformed, with freshly ignited K^CO^ and acetic anhydride, 
to 1-acetoxy heptene (£) (76%) . The latter was degraded, with 

CrO^-Ac^O, to hexanoic acid (10) (60^)* Fischer esterification 

with Me 0 H-H 2 S 0 ^ gave methyl hexanoate ( 11 ) (100%) which was 

transformed, with LAH, to n-hexanol ( 12 ) (92%) , and then with 

red phosphorus- bromine to n-hexyl bromide ( 13 ) (81%) whose ir 

was identical with that of an authentic sample. 


9 : bp 88-90°/l7 torr; 

ir: V (neat) (cm ) : 1760 (acetate) , 1675 (double bond) , 
max 

10 : bp 45-46°/0,9 torr; 

ir: V (neat) (on ) ; 1710 (carboxylic acid) . 
max 

11 : bp l50°/760 torr; 

ir: V ^„(neat) (em“^) : 1742 (ester). 

rn^ax ' , , 

12 : bp l55-l56°/760 torr; 

ir; V ^^(neat) ( 00 “^) : 3360 (hydroxyl), 

, ui-aX' ■■ 
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The synthesis of 1-oxo octadec (z) 11-ene (^7) , the sex pheromone 
of Achroia gris el la and 1-acetoxy octadec (Z) 11-ene ( 19 ) , the 
sex pheromone of Lvcorea ceres ceres 

The re-structured fragments 8 and 33 were united via 
.acetylide# in HMPT, leading to 1-tetrahydropyranyloxy octadec 
11-yne (l4) (94%) . De-protection of JA with PPTS-EtOH to 15(100%) 

followed by stereoselective reduction, in 9@4 yield, using 5% 
Pd/BaSO^, further deactivated with a micro-drop of synthetic 
quinoline, and PCC oxidation of the resulting 13 gave 1-oxo 
octadec (z) 11-ene (T?) (97%) , the sex pheromone related to the 
insect species Achroia gris ell a (overall yield from 14 , 93%) . 
Alternately, direct -OTHP — > -OAc transformation of 14 with 
AcOH: AcCl ; ; 10 : 1 to 18, in 88% yield, followed by stereoselective 
hydrogenation gave 1-acetoxy octadec (z) 11-ene (19) (97%) , the 

sex pheromone related to the species Lycorea ceres ceres , in an 
overall yield of 85.24 from (Chart C.III), 

14 i bp l40-l45°/0,03 torr; 

ir; v^^^Cneat) (cm*^) : 1135, 1120, 1080, 1030 (-OTHP) . 

Iu^cLX. 

nmr: 0,9 (t, 3H, CH 2 -CH 2 -) , 2,05 (m, 4H, 

-CH 2 -C 5 C-CH 2 -) # 3.15-4.0 (m, 4H, 4.5 (s, 

IH, 

H 





A7 

Chart C.III 




quinoline 



H2,Pd/BaS04, 

quinoline 


PCC,CH2Cl2 



17 
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15 : kp 103-107°/0,03 torr; 

— 1 

ir: v^^^(neat) (on ) : 3330 (hydroxyl) . 

lUaUX. 

nmr: 6 0,9 (t, 3H, CH^-CH^-) , 2.1 (m, 4H, 

-CH2-C=C-CH2-) . 3.08 (s, IH, -CH2-OH) , 3.5 (t, 2H,-CH2-0H) . 

16 : bp l05°/0,03 torr; 

V^^^Cneat) (on ): 3330 (hydroxyl). 

nmr: ): 0,9 (t, 3H, CH3-.CH2-) , 1.95 (m, 4H/ 

4 ' 

-CH2-.CH=CH-CH2-) # 3,5 (t, 3H, -CH2-OH) , 5.3 (m, 2H, 

-CH=CH-) . 

17 : ir; V (neat) (an“*^) : 1730 (aldehyde). 

ITiaX 

nmr: 6 js 0.9 (t, 3H, CH3-CH2-), 1.98 (m, 4H, 

4 

-CH2-CH=CH-CH2-) , 2,32 (t, 2H, -CH2-CHO) , 5.3 (m, 2H, 
-CH=CH-), 9,65 (t, IH, -CHO) , 

18 : bp 106-110 °/0. 05 torr; 

ir: v^^^Cneat) (cm ) : 1740 (acetate) . 

uidLX 

nmr: 6 (cci )** CH3-CH2-) , 1.95 (s, 3H, -OCOCH3) , 

2.05 (m> 4H, -CH2-CSC-CH2-) , 3,98 (t, 2H, -CH2-OCOCH3) , 

19 : ir: v^^^(neat) Ccm"^) : 1740 (acetate) . 

nmr: 0,8 (t, 3H, CH3-CH2-) , 1.9 (s, 3H, -OCOCH3) , 

4 . ' 

3 .93 (t, 2H, -CH2-OCOCH3) , 5,3 (m, 2H, -CH=CH-) . 


GC analyses of 19 , by Dr. Dayid R, Hall, Tropical Research 
Institute, England, on 6'x 2mm i.d, 554 SE 30/0,5% Carbowax 20M 
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on Chromosorb W HP and 6' x 2mm i.d, 1,5% Carbowax 20M/Chromosorb 
G AW DMCS colnmns showed that the gross impurity present ( < 5%) 
was 8, Analysis on a special 1.8m x 2rnm i.d, 5% 4- (p-methoxy- 
cinnamyloxy) -4 ' -methoxyazobenzene column showed that the stereo- 
chemical purity was 98,3% the desired Z isomer. 

To the best of our Jcnowledge# the present work -reports 
the first synthesis of the pheromone of the specieS/ Achroia 
arisen a (17) . In terms of the availability of starting 
materials, yields and stereochemical purity the procedures 
presented here should be the most attractive for the pheromones 
related to A, grisella and L, ceres ceres . 

A very large number of insect sex pheromones possess the 
general structure R-CH=CH- (CH 2 ) j^-CHXiT which, antithetically, 
could be analysed in terms of the union of the hydrophobic R 
segment with the functional group carrying methylene chain. 
1-Tetrahydrqpyranyloxy dodec 11-yne (8) , therefore, should be 
an excellent synthon for insect sex pheromones of the category 
R-CH=CH.(CH 2 ) 5 -CHxr wherein the n stereochotlstry can be genera- 
ted as desired. This has been illustrated in the present work. 
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The synthesis of 1- hydroxy hexadec (Z) 11-ene ( 22) , the sex 

' * ** 53 ! 

pheromone of M^estra configurata ' and 1-acetoxy hexadec 
(Z) 11-ene ( 24 ), the sex pheromone of Scotogramma trifolli * 

1-Tetrahydropyranyloxy dodec 11 -yne (8) was transformed, 
via alkylation of the lithium acetyl ide with 2 equivalents of 
n- butyl bromide in HMPT, to 1-tetrahydropyranyloxy hexadec 11-yne 
( 20) (96%) , De-protection of 20 with PPTS-EtOH gave the alcohol 

21 in 98% yields which was stereosel actively hydrogenated to 
1- hydroxy hexadec (Z) 11-ene ( 22 ) (93%), the sex pheromone of 


* A potent sex pheromone, Z 11-hexadecen 1-ol^was isolated from 
female Mamestra configurata , the beirtha armyworm moth. 

Maximum biological response in laboratory bioassays with 
synthetic compounds was obtained with a mixture of 8^ Z and 
15% E isomers, 

** Two major ccmponents of the sex pheromone of Scotogramma 
trifolii , clover cutworm moth, were isolated from extracts 
of female abdominal tips and identified as hexadec (Z) 11-en 
l-ol and its acetate. Both (Z) 11-hexadecenyl alcohol and 
(z) 11-hexadecenyl acetate were obligatory for effective 
field trapping of male moths. Alcohol to acetate ratios 
between 1:1 and 1:9 gave good capture rates, the higher 
ratios were somewhat more effective than the lower ones. 
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Mamestra configurata (overall yield from 8 , 86,9%), Direct 
transformation of 20 to 1 -acetoxy hexadec 11-yne (23) in 83% 
yields, with AcOH; AcCl: : lOs 1 ,followed by stereoselective hydro- 
genation gave 24 (97%) , the sex pheromone of Scotogramma trifolii 
(overall yield from 8 , 76.8%) (Chart C.IV), The stereochemical 
purity of the acetate 24 was inferred to be *>>9 5% of the desired 
Z isomer based on the GC analysis of its lower homolog on a liquid 
crystal column. The same order of purity can, therefore, be 
anticipated for the alcohol 22, The procedures described in the 
present work should be the most attractive for the preparation 
of pheromones 2 ^ and 24 . 


20 


ir; „(neat) (cm**^) ; 1135, 1120, 1080, 1030 (-0THP) 
max ^ 

: 6 (cci ) V ^ 2*05 (m, 4H, 


nmr 


) # 4,5 (s. 


-CH 2 -C-=C-CH 2 --) , 3, 0-4.0 (m, 4H, -CH 2 -w-\q 
IH, -0^0 J > • 

li. ' 

: bp 95°/0,03 torr; 

1 

ir: V (neat) (cm ); 3340 (hydroxyl) . 

■ . m.ax'"' 

nmirs ^ ^ 0 ( tf 3Hf *■' CH ) f 2#05 (m# 41*1^ 

'4 

-CH 2 -CsC-CH 2 “) t 2.4 (s, IH, -CH 2 -OH) , 3,5 (t, 2H, -CH 2 -OH) 

IM' T 

ir; V (neat) (cm ): 3320 (hydroxyl), 

max ' 


22 


nmr: 6(^01 )* 3H, CH 3 -CH 2 -) , 1.95 (m, 4H, 

-CH 2 -CH=CH-CH 2 -) , 2,8 (s, IH, -CH 2 -OH) , 3.5 (t, 2H, 
-CH«-0H), 5.3 (m, 2H, -CH=CH-) , 




Chart C.IV 


52 


BuLi rTHF 
R-Br^HMPT*" 





W-- R a n-Bu 
25 : R a Et 




PPTS/EtOH 


AcOH : AcCl 
10 : 1 


R. 




R. 


'OH 


^ : R = n-Bu 
26: R a Et 


H 2 ,Pd/BaS 04 , 

quinoline 




'OAc 


23 

28 


R = n-Bu 
R a Et 


H2,Pd/BaS04 

quinoline 


22 : R a n-Bu 
27 : Ra Et 


2U - R a n-Bu 
29 : R a Et 
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23: bp 90/0.03 torr; 

ir: V (neat) (cm”^) : 1740 (acetate) , 


max 

nmr: 6 ): 0.9 (t, 3H, CH 2 -CH 2 -) , 1.95 (m, 7H, 

-CH^~C=C^CH^-, -OCOCH 3 ), 3.98 (t, 2 H, -CH 2 -OCOCH 3 ) . 

— 1 

24 : ir: v ^^^^(neat) (cm ) : 1740 (acetate) , 
nmr; 6 ^^ 3 ^ 33 ^ y. 0.9 (t, 3H^ 033 -^ 2 -), 

-CH 2 -CH=CH-CH 2 -/ -OCOCH 3 ), 3,95 (t, 2H. -.CH^-.0C0CH^) , 
5.3 (m, 2H, -CH=CH-) . 


The synthesis of 1- hydroxy tetradec (Z) 11-ene ( 27) . the sex 

55 ' " ' ' ' "■ ' ' 

pheromone of Archips rosanus ' and 1-acetoxy tetradec (Z) 
11 -ene (,29) , the sex pheromone of Choristoneura rosaceana * 


In the present work, the synthesis of the phercmones of 


* Arch ip s rosanus , European leaf roller moth, and Choristoneura 
rosaceana , oblique banded leaf roller moth, are species of 
insects with highly specialized capacity to roll leaves in 
precise geometrical patterns after destroying the leaf by 
cutting the veins, stalk and leaves. The major objective of 
this astonishing exercise is to deposit eggs. Two pheromone 
components, Z 11-tetradecenyl acetate and Z II- tetrad ecen l-ol 
in the ratio 9:1 were identified in the female abdominal tips 
of Archips rosanus . Neither compound alone was attractive to 
the male of the species. In field trials, in apple orchards, 
as little as 0.01 mg of tetradec (Z) ll-enyl acetate, the sex 
pheromone of Choristoneura rosaceana , was effective in attra- 
cting meiles of the species. Traps baited with the synthetic 
pheromone caught numerous males in field tests. 
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the insect species Archips rosanus # and Choristoneura rosaceana # 
was achieved from 1-tetrahydropyranyloxy dodec 11-yne (8) , The 
lithium acetylide from 8 was alkylated with bronoethane in HMPT 
to give 1-tetrahydropyranyloxy tetradec ll-yne ( 25) (93%)* 

De-protection of 23 with PPTS-EtOlI gave 1- hydroxy tetradec 
11-yne ( 26 ) (91%) . The latter, on stereoselective hydrogenation, 

gave 1- hydroxy tetradec (Z) 11-ene (27) (97%), the sex pheromone 

A* rosanus in an overall yield of 82.2% from 8, Alternately, 
25 was directly transformed, with AcOH;AcCl: ; 10: 1, to 1-acetoxy 
tetradec 11-yne (^) (91%) which, on stereoselective hydrogen- 

ation, gave, in 98% yields, the pheromone of C. rosaceana , 
1-acetoxy tetradec (z) 11-ene (^) (Chart C, TV) (overall yield 
from 8, 83%) , 


25 : hp 125-l30°/0.03 torr; 

ir: V * 1135, 1120, 1080, 1030 (-0THP) , 

nmr: 6 ) • 1*1 ' 2.05 (m, 4H, 

-CH 2 -CSC-CH 2 -) , 3, 1-4.0 (m, 4H, ) , 4.4 (s| 


IH, -SpLo J 


26 : bp 90°/0,*03 torr? 

ir: V (neat) (an ): 3340 (hydroxyl), 
max 

nmr: 6 (cci )* 1*1 , 2.1 (m, 4H, 

-CH 2 -C=C-C|i 2 *^ ^ 2.95 is, Pi, -CH 2 -OH) , 3,52 (t, 2H, 
-qi2-0H) . 
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27 : ir: V (neat) (cm"”^) : 3340 (hydroxyl), 

nmr: 6 ) : 0 . 95 (t, 3 H,CH 3 -CH 2 -) , 1.95 (m, 4 H,-CH 2 -CH=CH-CH 2 -), 

3.5 (t^ 3H^ -CH 2 -OH) , 5,2 (m, 2H, -CH=CH-) . 

2^ : bp 112-ll5°/0.03 torr; 

ir: V ,„(neat) (an ) : 1740 (acetate), 

rflaLX 

nmr: y. 1.1 (t, 3H, CH 3 -CH 2 -) , 1.8 (s, 3H, -OCOCH 3 ) , 

2.1 (m, 4H, -CH 2 -CSC-CH 2 -) # 3.9 (t, 2H, -CH 2 -OCOCH 3 ) . 

29 : ir: a>j^^(neat) (an”^) : 1740 (acetate). 

nmr: 6(^01 )* CH 3 -CH 2 -) . 2.05 ' (m, 7H, -OCOCt^/ 

-CH2-^^=C^-^S2“^ ' 3.95 (t, 2H, -CH 2 ”°^OCH 3 ) ^ 5.28 (m, 2H, 
-CH=CH-) . 


GC analysis of 29 j on a 1,8m x 2mm i.d, ^ 4-(p-methoxy- 
cinnamyloxy) -4*-methoxyazobenzene on Gas Chran Q column, showed ■ 
that it contained, at least, 95% of the desired Z isomer. The 
sane order of selectivity can be inferred for the alcohol 27. 

The procedures developed in the present work offer effective 
cind practical routes to the pheromones 22 and 29 . 

The pheronones described above have the Z configuration. 
The s^mthon 8 , from which these were pr^ared, is equally versa- 
tile for the preparation of pheromones having E configuration. 
This is illustrated with the synthesis of pheromones related 
to Arch ip s aravrospvlus and PI atvonota stultana . 
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The synthesis of 1-hydroxy tetradec (E) 11-ene (3l) , the sex 

■ ■■ ' * ** ,67 — ' ' ' 

phercTOone of Archips arqyro sp vlus and 1-acetoxy tetradec 

' ' ' ■■■ 'T ■ ■ - ■ If- ..111 ■niitrnnT-.Tnr-r-ii- ■ 'lii ■■||||- 'Vq 

(E) 11-ene ( 3 2 ) , the sex pheromone of Platvonota stultana * 

The synthesis of the pheromones ^ and 22_ was achieved in 
the present work via 1-tetrahydropyranyloxy tetradec 11- yne (25) . 
Sodixom- liquid .ammonia reduction of 25 gave 1-tetrah^ropyranyloxy 
tetradec (E) 11-ene (30) in 89% yield* De-protection of ^ with 
PPTS-EtOH gave 1-hydroxy tetradec (E) 11-ene (31) (90%) # the sex 

pheromone of Archips arcrvrosp vlus » Direct -OTHP — — > -OAc change# 
effected by AcOH; AcCl: : 10; 1# led to 1-acetoxy tetradec (E) 11-ene 
(32) (87%) , the sex pheromone of Platvonota stultana (Chart C,V) , 


* Female abdominal tip extracts of Archips arqvrospvlus , fruit 
tree leaf roller moth, contain dodecyl acetate, Z and E 11- 
tetradecen 1-ols (60:40) and Z and E 11-tetradecenyl acetates* 

** A mixture of E and Z 11-tetradecenyl acetates was found in the 
omnivorous leaf roller moth, Platvonota stultana^ female tip 
extracts in a ratio of 88:12 respectively. In the field , they 
were most attractive to male moths of the species) in a ratio 
of E:Z::94:6. Field attractivity was increased by addition 
of small quantities (0, 2-2.0%) of mixtures of E and Z ll-tetra- 
decenyl alcohols, which were present in the female tip extracts 
in a ratio of 88:12 respectively* 

1-Acdtoxy tetradec (E) 11-ene has also been identified as a 
pheromone component of the insect species# Arovro taenia 
velutinana ( red banded leaf roller moth) ; Spodoptera littoral is 
(Egyptian cotton leaf worm moth) and Archips podana (fruit tree 
tortrix moth) , 



Chart C .V 


S7 
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30 : ir: V (neat) (c 3 n“^) : 1135, 1120, 1080, 1030 (-OTHP) . 

IuclA. 

nmr: 6 )* CH 3 -CH 2 -) , 1.95 (m, 4H, 

4 I I H 

-CH 2 -CH=CH-CH 2 -) , 3, 0-4.0 (m, 4H, -CH 2 -oJL^qX~ ), 4.5 
(s, IH, I ), 5.32 (m, 2 H, -CH=CH-).. 

3 1 : ir: a/ (neat) (an"^) : 3340 (hydroxyl) . 

iuo^ 

nmr; <5 ) = 0.95 (t, 3H, CH 3 -CH 2 -) , 1.95 (m, 4H, 

4 “ ■ ... 

-CH^-CH^CH-CH^-) , 3.5 (ra, 3H, -CH 2 -OH) , 5.32 Cm, 2 H, 
-CH=CH-) . 

«-• 1 - 

32 : ir: v (neat) (an ) ; 1740 (acetate). 

max 

nmr; 6(^01 ) = 0.95 (t, 3H, CH 3 -CH 2 -) , 1.95 Cm, 7H, 

-CH 2 -CH=CH-CH 2 -# -OCOCH 3 ), 3.98 Ct, 2H, -CH 2 -OCOCH 3 ) , 

5.3 2 (m, 2H, -CH=CH-) . 

There exists a remarkable similarity between insect sex 
pheromones and fatty acids. Specific examples of this have been 
cited earlier in this Section. In several cases, both fatty acids 
and insect sex phercmones have a similar carbon backbone and 
their syntheses could be antithetically analysed in terms of a 
polar head segment and a hydrophobic tail moiety. The latter, 
consisting essentially of methylene chains, is shorter in insect 
sex pheromones as compared to fatty acids. With reference to the 
polar head segment, whilst the chain length is similar, the head 
groups in insect sex pheromones consist of, relatively, less polar 
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functional groups, such as, -OH, -OAc, -CHO and -COOEt, ccxnpared 
to the fatty acids where the end group, naturally, is a carboxyl 
function. Therefore, synthons related to insect sex pheromones 
can also be effectively used for the preparation of rare fatty 
acids. Thus, 1-tetrahydropyranyloxy dodec ll~yne (8) could be a 
precursor to fatty acids of the type, R-CH=:CH-(CH 2 )g-C 00 H, such 
as vaccenic acid (R= / lesquerolic acid 

and mycolic acid (R=: -CH=CH- = cyclopropane) . This 

conclusion has been successfully tested with the synthesis of 
vaccenic acid ( 36 ) in the present work. 

The preparation of octadec (Z) ll-enoic acid {^, vaccenic acid) 
via the key synthon dodec 11-ynoic acid (34) 

A practical and convenient route to the naturally occurring 
rare fatty acid, octadec (Z) ll-enoic acid (^, vaccenic acid) 
from the synthon 8 has been demonstrated in the present work. 
De-protection of 1-tetrahydropyranyloxy dodec 11-yne (8) with 
PPTS-EtOH gave 1-hydroxy dodec 11-yne (^S) (98%) , which was 

transformed to the key s 3 mthon dodec 11-ynoic acid (M) ( 8 &^) by 
Jones' oxidation, C-Alkylation of the dilithium salt of M with 
n-hexyl bromide (l3) in HMPT led to octadec 11-ynoic acid (35) (8^^) 
which was stereos el actively hydrogenated to Z- vaccenic acid ( 36 ) 
(93%) (Chart C.VI) . 
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34 


3 ^ 

36 


1 

; ir: a;j^^^(neat) (an'" ) : 3340 (hydroxyl), 3310 (-C=C-H), 

2120 (-C=C-) . 

nmr: 6 ^ 1-79 (t, IH, H-C^C-) , 2.05 (m, 2H,B-C=G-GH2-) , 

4 

2.83 (s, ,1H, -CH 2 -OH) , 3,4 (t, 2H, -CH2“0H) , 

: ir* (neat) (an“^) : 3310 (-CsC-H) , 2120 (-CsC-) , 1710 

UlCUA. 

(carboxylic acid). 


nmr: 6 


(CCl )* H-C5G-), 2.1 (m, 4H, H-CSG-CH 2 -, 

4 


-.CH 2 -COOH), 11.2 (s, IH, -COOH) . 

: ir: V (neat) (cm ) : 1710 (carboxylic acid) . 

moi-x 


: ir: V' ^^(neat) (on*"*^) : I7l0 (carboxylic acid), 
max 

nmr; 6 )* 1-82 (t, 3H, CH 2 -CH 2 -) # 1.9 (m, 4H, 

~CH 2 -CH«:CH-CH 2 -) / 2.2 (t, 2H, -CH 2 COOH) , 5.19 (m, 2H, 
-CHsCH-) , 


It should be noted that the synthesis of vaccenie acid (3 6) 
was done with 1 -tetrahydropyranyloxy dodec 11-yne (8), In 
principle, dodec ll-ynoic acid (34) or its derivatives, should 
be a better choice compared to 8 since this would enable the 
retention of the carboxyl function from methyl undec 10-enoate 
to the products. In the event, however, the transformation of 
methyl undec 10-enoate (2) to methyl dodec 11-ynoate (^) by 
pathways similar to that involved in the 6 » 8 change was 
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beset with difficulties arising from the susceptibility of the 
ester function to undergo reduction by diborane. This was 
inferred from the fact that the sequence of reactions gave rise 
to two acetylenic products. GC on 3% SE-30 column showed that 
their composition was nearly 1:1. Careful chromatographic 
separation led to the identification of these as the desired 
methyl dodec ll-ynoate ( 40 ) and trideca l#l2-diyne (41) . The 
formation of was rationalized on the basis of the concomitant 
diborane reduction of the ester function in 2 leading to undecane 
l#ll-diol, which underwent PCC oxidation to the dialdehyde 38/ 
and then, gave the dlacetylene 4j, under conditions of the 6 8 

change (Chart C, VII, a; Chart C.VII.b) . Indeed, it was found that 
this observation could be exploited for a practical route to the 
C-13 1,12-diacetylene ^ by treatment of 2 with excess nascent 
diborane followed by further operations. Subsequent experiments 
have shown that the selective hydroboration of the terminal 
systan in methyl undec lO-enoate (2) can be achieved by contro- 
lling the amount of diborane and recovery of unchanged 2 ( vide 
infra ) . From this it was inferred that the reaction of diborane 
with the terminal tt system takes place in preference to the 
reduction of the ester grouping and such a rationalization led to 
the choice of a t-butyl ester, wherein it was anticipated that 
the diborane attack would be minimal. This expectation was fully 


realized 
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Chart C.VII 



1. CBr4,Ph3p,Zri 

2. Hg-Li 



b< 



ZB 




H 




Chart C.VII! 




1 • CBr4 , Ph3P> 2n^ 
2‘ Hg-Li 




t 

0 Bu 


45 
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37 : 

“*1 

ir: v^^^(neat) (cm ) ; 

lUa,^ 

173 5 

(ester) , 

17 20 

( aldeh;yde) • 

11 = 

•M 1 

ir: v^^^(neat) (on ) : 

lUwiA. 

1740 

(ester) , 

1620 

(double bond) . 


40 ; bp 50- 52^/0,03 torr; 

ir: (-C=C-H) , 2120 i-C-C-) , I740(ester). 

nmr: 6 )* H-CSC-) , 2.35 (m, 4 -H,H-CSC-CH 2 -, 

-CH 2 -COCMe), 3.72 (s, 3H, -COOCH 3 ) . 

ix s ir: V^^(neat) (cm"^) ; 3310 (-C5C-H) , 2120 (-CSC-). 

mr: <5 ‘ H-C=C-) ^ 2.05 (m, 4H, H-C=C-CH 2 -) . 


The synthesis of b- butyl dodec ll-ynoato (45) 

t- Butyl undec 10-enoate (£2) was prepared in €3% yield by 
treatment of undecenoic acid - .obtained by saponification of 2 - 
with isobutylene and H 2 S 0 ^ (catalyst) in a pressure 'vessel. The 
transformation of 4£ to t-butyl dodec ll-ynoate (45) was accompli- 
shed with an overall yield of 23% via procedures described above 
(Chart C, VIII) , Thus, although the -CH=CH 2 -CH 2 -CSCH change 

could be carried out retaining the ester function with yields 
comparable to the ^ •— > S change, preliminary experiments to 
transform £§ to the corresponding- acid, a pre^- requisite for 
acetyl ide alkylation did not yield satisfactory results. Conse- 
quently, within the framework of tbe present work, the, synthon 8 
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should be considered as the best precursor for fatty acids as 
well. 


42 : ir: v^^(neat) (cm ^) : 1730 (ester), 1635 (double bond), 
nmr: 6 (cci^)* - 0000 ( 0 ^ 3 ) 3 ), 2.05 (m, 4H, 

H 20 = 0 H- 0 H 2 -, - 0 H 2 - 000 ’^u) , 4.85 (m, 2H, H 20 = 0 H-) , 5.75 




(m,lH, H 2 C=CH-). 



43. : 

ir; 

(cam ) : 

1730 

(broad, aldehyde, ester) • 

44 : 

ir: 

V^^.^(neat) (cm"”^) ; 
max 

1730 

(ester),’ 1620 (double bond). 

45 : 

ir; 

M. 1 

v^.,^(neat) (cm ) ; 
max 

3310 

(-C=C-H) , 2120 ( -C=C-) , 1730 



(ester) . 




nmr: y. 1.4 (s, 9H, - 0000 ( 0113 ) 3 ) , 1.78 (t, IH, H-0=0-) , 

2.1 (m, 4H, H-OSO-OH 2 -, - 0 H 2 - 000 '‘^Bu) . 


Attempted one carbon hcxnologation of methyl undec 10-enoate 
ig) to methyl dodec ll-ynoate (^) by addition of + 0 Br 2 followed 
by cyclopropyl idine collcpse did not succeed due to the failure 
to bring about the carbene addition. 

The synthons thus far described in the present work and 

61 69' ■ ' 

those made earlier in our group * are related to the 

^ + a^s transformation product of castor oil, namely, 

methyl undec lO-enoate (J,) • Indeed, nearly all the synthons 
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derived from castor oil which have found application in the 
synthesis of a variety of products are derived from 2, This is 
reflected from the account given in Section B. In contrast# 
sebacic acid ( 53 ) , the product from alkaline degradation of 
castor oil, has received scant attention as a source of synthons. 

In our continuing programme directed at the e 3 <pl oration of castor 
oil as a source of synthons# it was considered interesting to 
examine the possibilities for re-structuring sebacic acid (53) 
to synthons related to the present work. The natural choice was 
non 8-ynoic acid (^) . Not only could 57 be related to phero- 
mones of the type R-CH=CH- (CH 2 ) g*-CH 2 X, but also# it could 
logically find a place in the series of acetylenic synthons thus 
far generated from castor oil, namely# 1-tetrahydropyranyloxy 

dodec 11-yne (8) # 1-tetrahydropyranyloxy undec 10-yne (78) # and 

69 

1-tetrahydropyranyloxy dec 9-yne. The transformation of sebacic 
acid ( 53 ) to non 8-ynoic acid ( 57 ) has been accomplished by a 
procedure that involves a surprisingly, extraordinarily regio- 
sel active n -generation. 

The preparation of non 8-ynoic acid ( 57) 

Sebacic acid (53) was transformed, with MeOH - H2S0^ 
(catalyst), to dimethyl decane 1, lO-dioate (^) (91^) . Carefully 

controlled partial hydrolysis of the diester ^ with barim 
hydroxide octahydrate in methanol-benzene, followed by isolation 
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and acidification of the resulting crystalline barium salt gave 

70 

methyl decane 1,10-dioic acid monoester (^) (81%), Oxidative 

decarboxylation of ^ with freshly prepared lead tetraacetate”^^ 
gave# cleanly, methyl non 8 -enoate (^) (45%) with no detectable 

amount of the internal olefin (NMR) . Addition of bromine to ^ 
gave methyl 8 , 9 - dibromo nonanoate ( 100 %) which, under very 
carefully controlled treatment with aqueous KOH (13 5-145°C, 4 hr), 
gave non 8 -ynoic acid (57) in 88 % yield (Chart C.X) (overall yield 
from sebacic acid, 33,2%). 
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bp 102^/0,05 torr; 

ir: v„^^(neat) (cm“^) : 1740 (ester). 


nmr: <5 )• 2.25 (t, 4H, -CH 2 -C 0 CMe) , 3*6 (s, 6 H, 

-CH 2 COOCH 3 ). 

55 : bp 146°/ 0.1 torr; 

ir: V (neat) (cm" ^) : 1740 (ester), 1690 (carboxylic acid), 
max 

nmr: 6(^01 )* -CH 2 -C 0 CMe, -CH 2 -COOH) , 3,6 (s,3H, 

' 4 

-CH 2 -COOCH 3 ) , 11.6 (s, IH, -COOH). 

56 ! ir: v_^^(neat) (an"^) ; 1740 (ester). 1640 (double bond) , 

'max ^ 

xittirs 2# 1 (m# 4H^ CH 2 =®'CH--CH 2 '^'# — CH 2 ^C 00 M;e)' #■ 3:,ft5 / 

3H, -COOCH 3 ), 4.85 (m, 2H, CH 2 =CB-), 5.65 (m, iH, CH 2 -GH-) 

57. i 102-105°/0.1 torr; 

ir: V (neat) (cm" ^) : 3300 (-CsOH) , 2120 (-C^C-) , 1710 

(carboxylic acid). 
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CHART C.IX 



2 


1. PhMgBr 

2. A 

3. Cr03-Ac0H-H2S04 

4 . M«OH , H* 




t • PhMgBr 

2 » A ^ 

3. Cr03«Ac0H-H2S04 

4. 




CHART C.X 



Ba(0H)2-8H20 

M«OH-PhH 



LTA,Cu(DAc)2, 

Py,PhH 



H. 


1. Br25Ca4 , ^ 

2 . aq MOH 
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H-C=G-) , 2.1 (m, 4H, H-C^C-CH^-, 
-CH 2 -COOH) , 9.88 is, IH, -CH^-COOH) , 


Prior tx) the discovery of the facile decarboxylative 
elimination, endeavours were directed at the preparation of the 
olefinic ester 56 from sebacic acid moncanethyl ester 55 by 
Hunsdiecker reaction to the bromide ^ and elimination ( vide infra ). 
The complexity of the above sequence warranted, a preparation of 
an authentic sample of 56 and this was acccmplished by sequential 
Barbier Wieland degradation of 2; (Chart C. IX), 

Methyl decane 1, 10*dioic acid monoester (^) was trans- 
formed to methyl 9-bromo nonanoate i5Q) (69%) by reaction with 

72 

Br 2 -Hg 0 in CCl^ under illumination with a tungsten lamp. 

Surprisingly, dehydrobrcsmination of ^ with potassium t-butoxide 

in dry t-butanol, under conditions recanmended for exclusive 

73 

terminal tt fonnation, gave complex mixtures with the olefinic 
canponent amounting to 29% and which largely consisted of the 
internal olefin 5^ rather than the desired ^ (NMR) (Chart C. XI) , 

Another route to methyl non 8 -vnoate ( 60) e 3 <plored was by 
Wittig reaction on methyl 8 - 0 x 0 octanoate-generated frcM ^ by ' 
isomerisation and n cleavage - with Ph 3 P=GHCl followed by KO^Bu 
treatment. The yields were not satisfactory. 
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Chart C.Xl 



0 
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Chart C .XII 



64 . 


65 
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The preparation of 1- tetrahydropyranyloxy non 8 -yne 162) 

Methyl non 8 -ynoate (60) , prepared, in 8&A yield, by 
esterification of was reduced with LAH to the alcohol ^ (9e4) , 
and then protected with dihydropyran using PPTS as catalyst to 
give 1-tetrahydropyranyloxy non 8 -yne (62) (9]%) (Chart C.XII) . 


60 ; bp 62°/0,03 torr; 

±r: (-C 5 C-H), 2110 (-C5C-), 173 5 (ester), 

nmr: 6 (^^ 2 . )* H-Csc-) , 2.2 (m, 4H, H-C=C-CH 2 -, 

-CH 2 -COCMe) , 3.6 (s, 3H, -COOCH 3 ) , 

61 ; ir; i>„__(neat) (an"^) : 3460 (hydroxyl), 3300 (-C=C-H) , 2110 

iUoLX. 

(-C5C-) . 

nmr: 6 (^(32 )* H-C5C-) , 2.05 (m, 2 H, H-G=C-CH 2 -) , 

4 

3.52 (t, 3H, -CH 2 -OH) . 

§2 : ir: (neat) (axTh : 3300 (-CsOH) , 2110 (-C=C-) , 113 5, 

, rn soc ' 

1120 , 1080, 1030 (-0THP). 

DiTirJ ' 6 !♦? (t# H-'CsCp-) / 2m08 (lU' # , H-*CSG^CH 

3,0-4,0 (m, 4H, -CH 2 - 0 -k^Jc“ ) / 4.5 (s, IH, -^0^ J ) . 


1-Tetrahydropyranyloxy non 8 -yne (62) could be anticipated 
to be a useful synthon for the preparation of insect sex pheromones 
of the type, R-CH»CH-(CH 2 ) g-CH 2 X* This has been illustrated with 
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the synthesis of the sex pheromone related to the insect species/ 
Gran hoi ita molesta . 

The synthesis of 1-acetoxy dodec (Z) S-ene (65) , the sex 

'k 74 

pheronone of Grapholita molesta * 

1-Tetrahydropyranyloxy dodec S-yne (^) , prepared in 89% 
yield by alkylation of 62 with n-propyl bromide^ was directly 
transformed with AcOH;AcCl: : lO: l, to 1-acetoxy dodec 8-yne ( 64 ) 
(83%) and then, stereos el actively hydrogenated to l-acetoxy 
dodec (Z) 8-ene (65) (97%), the pheromone related to Grapholita 

molesta (Chart C.XII) (overall yield from 62 , 71,7%). 


63 : ir; v^^(neat) (cm“^) ; 1135, 1120, 1080, 1030 (-0THP) , 

nmrs 6 rmd ) * 0,98 (t, 3H, Ct^— CH^**) , 2,0 (m, « 

^ 1 1 H 

-CH 2 -CSC-GH 2 -), 3.0-4.0 (m, 4H, ), 4,5 (; 


IH, 


■O/U-J )• 


* A chOTical sex pheromone isolated in pure form from the abdominal 

tips of the female oriental fruit moth, Grapholita molesta , was 
identified as (Z) 8-dodecenyi acetate. In field tests the. 
synthetic phercanone attracted more than 1200 males from apple 
trees. The best results were obtained with 10-200 jut g of the 
compound absorbed on polyethylene. The male moths responded by 
fanning their wings, twirling, pausing with the abdominal tips 
curved upwards and opening and closing of the claspers, they 
appear bo expose their scent pencils as if directing a male odcun 
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— ’ (acetate). 

(CCl )' -OCOC^), 2.1 (m,' 4H, 

4 

-CH 2 -CSC-CH 2 -) , 4,0 (t# 2H. -CH 2 -OGOCH 2 ) . 

65 ; ir: v^^(neat) (cm~^) : 1735 (acetate). 

nmr: 6 (cci ) * CH 3 -CH 2 -) , 1.92 (m, 7H/ 

' ' ' ' > 4 ' ■ 

-CH 2 -CHaCH-CH 2 -# -OCOCH 3 ) , -CH 2 OCOCH 3 ) , 

5*28 Cm, 2 H, -CH=GH-) , 


Non 8 -ynoic acid (57) and l-tetrahydropyranyloxy non 8 --yne 
( 62) should be good synthons for the preparation of compounds 
that possess a 8,9 Tt bond. Of particular interest was the fact 
that methyl non 8 -ynoate ( 60 ) derived from non-natural product 
precursors had been transformed to the macrolide, recifeiolide 

n c 

(70) , Thus, since ^ has already been converted to recifeiolide, 

the present work relating to the transformation of castor oil to 
60. constitutes also the synthesis of recifeiolide in a formal 
sense. Nevertheless, having a ready access to 60 from sebacic 
acid ( 53) , it was considered possible to effect an independent 
synthesis of recifeiolide, using a more effective synthon that 
could directly lead to the needed -GH 2 CH(Me) 0 H systen, since, in 
the earlier work, this moiety was generated from a methylene 
skipped 71 unit by selective functionalization. 
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The synthesis of ll—hyd3?oxy dodec (E) 8— enoic acid lactone ( 70 , 

— — ^ — — — — ZZ— 

jrecif eiolide) « a naturally occurring xnacrolide from Cephalo— 

sporium recifei 

Selective alkylation of the dilithium salt of non 8-ynoic 
acid (^) with l-bromo 2-hydroxy propane (^) - prepared by the 
sodixjm borohydride reduction of bromoacetone (66) in 58% yield 
(chart C*XIII, ) - in HMPT^gave 11-hydroxy dodec 8-ynoic acid (68). 
In spite of variation in the conditions of the reaction as well 
as the quantities of material involved* the desired alkylation 
proceeded poorly and resulted in a complex mixture which defied 
isolation of pure Pran ir it was estimated that the alky- 

lation had taken place to the extent of 50%, Efforts at this 
alkylation with the fully 0-protected synthon ll gave even poorer 
yields in the alkylation step ( vide infra ) , The mixture contain- 
ing 68 was treated with sodium-liquid ammonia and the in situ 

generated E-olefin 62 cvclised via the dipyridyl disulfide ester 

77 

method. Careful column chranatography gave small amounts of 
recifeiolide (Chart C. XIII) whose spectral properties were 
identical to that of an authentic sample. This series of experi- 
ments establishes the feasibility of the synthesis of recifeiolide 
vi^ the novel procedure involving acetylide alkylation. However, 
a more effective synthon is needed for the acetylide alkylation, as 
this step alone has made the present synthesis notional rather 
than practical. 


Chart C.XIll 
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OH 
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1. BuLliHMPT 





Chart C.XIV 
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1. BuLi ,THF 


. OTHP 
2* A^Br,HMPT 
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In the early e3<peirimentS/ the protected. 2—tetrahydro*« 
pyranyloxy 1 -bromo propane, derived from CT, was used for the 
acetylide alkylation studies. Surprisingly, in the model system, 
1 -tetrahydropyranyloxy undec lO-yne (78), the alkylation with 
this synthon proceeded satisfactorily leading to the diprotected 
acetylenic alcohol 7^, In sharp contrast, attempts to effect 
such an alkylation with undec lO-ynoic acid (75) gave very poor 
results (Chart C.XIV) . 


70 ; irs V neat) (am” ^) : 1740 (lactone) , 

iuaX 0 

nmr: 6 (cci ) * CE^^CH-O^C-) , 2.58 (m, 6 H, 

-.CH 2 -CH«=CHUCH 2 -, -CH 2 -CO-) , 5.24 (m, IH, CH 3 -CH-O-L.) 
5.5 (m, 2H, -CH=CH-). 

71 I ir: a^„^^(neat) (cm"^) ; 1135, 1120, 1080, 1030 (-OTHP) . 

m oiix. 


nmr: 6 y, 1.25 (t, 3H, CH 3 -CH( 0 THP) CH 2 Br) , 3.2-4. l (m, 

5H, GH 3 -CH-CH 2 “Br/ 


), 4.65 (s, IH, 


■Cl-i-O 

H 




The surprisingly clean decarhoxyl at ive elimination of methyl 
decan© 1 , 10 -dioic acid monoester (5^) to methyl non 8 -enoate (^) 
made it logical to study the general nature of this transformation, 
and particularly! with reference to incorporating this for a 
terminal 7 t to a lower terminal H change, for which no clean 
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procedure is presently available. It was also felt that it 
would be advantageous to select a substrate that would lead to a 
known product which had been identified as a useful synthon. 

The logical choice was# therefore, methyl undec 10— enoate (_2) • 

The preparation of the key synthon methyl dec 9-enoate (49) from 
2 by a terminal tc ■■ ■ ■> lower terminal it change 

Methyl undec 10-enoate (2) was subjected to treatment 
with diborane under carefully controlled conditions. Direct 
Jones* oxidation of the resulting trialkylborane gave, in 49% 
yield, methyl undecane 1, 11-dioic acid monoester (73). Treatment 
of 73 with lead tetraacetate under conditions developed for the 
55 — » ^ change, gave, cleanly, in 3 6% yield, methyl dec 9-enoate 

(49) , identical to an authentic sample prepared by the classical 
Barbier Wieland degradation of 2 (Chart C.XV) , The 2 — ^ ^ 
change not only attests to the general nature of this degradation 
but, also, constitutes the best method for the preparation of 49. 
Parenthetically, ^ is a key prostaglandin synthon and its trans- 
formation product, namely, 1 -tetrahydropyranyloxy dec 9-yne has 
been established as a useful synthon for the practical preparation 
of severEl inssct sex phexononas of the type# R--CH=Cli-»(CH2) 



73; ir: V (neat) iatCh i 1740 (ester), 1710 (carboxylic acid) • 
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ITA ,Cu(0Ac )2t 

Py f PhH 



CHART C.XVl 
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49 ; bp 60-6l*^/0.3 torr; 

(ester), 1655 (double bond) . 

^iCDCl )' -COOCH 3 ), 4.9 (m, 2H, CH =CH-), 

3 

5.8 (m, IH, CH 2 -CH-) . 


Several methods to prepare 1 1- hydroxy dodec (E) 8 -enoic 
acid, the immediate precursor to recifeiolide (70) , from synthons 
derived from castor oil were attempted without success. These 
include the possible synthesis of, from 2 , methyl undeca 8 , 10 - 
dienoate and methyl 11 - hydroxy dodec 9-enoate, from methyl 
11 -hydroxy dodec 8 -enoate, methyl 12 -trichlorcmethyl ll-hydroxy 
dodec 8 -enoate and methyl 11 -oxo dodec 8 -enoate, 

Thus far, in the present work, the strategy employed for 
the synthesis of insect sex pheromones involved the direct union 
of the acetylide head segment with an ^propriate hydrophobic 
tail moiety. It was felt that this strategy could be modified 
for the synthesis of insect sex pheromones possessing conjugate 
n systems or methylene skipped n systems by effecting the union 
of the two segments through a carbon element, that could, at will, 
be easily transformed to the required oxidation state. It was 
envisaged that CH^O could be the coupling unit which would lead 
to a $ , r -acetylenic alcohol yi§ acetylide addition. Such a 
rationale led to, in the present workf the synthesis of ^ 
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l-tetrahydropyranyloxy 12- hydroxy dodec lO-yne (79) and the 
illustration of its synthetic potential by transformation to 
the insect sex pheromone, bombykol. 

The synthesis of 1-tetrahvdropvranvloxv 12-h-vdroxv dodec 
10-yne ( 79 ) 

Methyl undec 10-enoate (2) was transformed to the 
dibromide 7_4 (100%) which# on carefully controlled treatment 
with aqueous KOH# gave undec 10- ynoic acid (25) (50%). Compound 

75 was converted to l-tetrahydropyranyloxy undec lO-yne (78) by 
sequence# esterification# LAH reduction and DHP protection with 
an overall yield of 87%. Treatment of 78 with n-BuLi followed 
by paraformaldehyde gave l-tetrahydropyranyloxy 12-hydroxy dodec 
10-yne (Tg^) in 64% yield (Chart C.XVI) , 


T 


15 s hp ll2-fll5°/0.05 torr; 

ir; v^_(neat) (cm”^) : 3310 
max 

( carboxyl ic acid) . 
nmrs 6 (qcI )* (t# IH# 

-CH^-CO^H), 11.2 (s# IH# 

7§ j bp 70®/0.05 torr; 


(-C.SC-H) # 2120 (-CeC-)# 1710 

H— C^C— ) # 2.2 (m# 4H# I1-C='C— CH^— # 
*C00H) . ' 


irt V (neat) (cm ^) s 3310 (— C=C-H) # 2120 (— Csc-) # l740(ester). 
max 


nmr: 6 


(CCI4) 


^CH2COQMe) 


1.71 ( t# IH# H— CSO*) # 2*15 (m# 
3.54 (s# 3H#, 
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77 : bp74-75°/0.05torr; 

• 3350 (hydroxyl) , 3310 (-C=C-H) , 2120 

(-C=C-) . 

(CCl^) ‘ H-C=C-) , 2.1 Cm# 2H, H-CSC-CH 2 -) , 

3,55 (t, 3H, -CH 2 -OH). 

78 : bp 95°/0.05 torr; 

• 3310 (-C=C-H) , 2120 (^C=C-.) , 1135, 
1120, 1080, 1030 (-0THP). 

‘^(CCl^)- H-C=C-), 2.1 (m, 2H, H-CSC-CH 2 -), 

3 . 0 - 4.0 (m, 4H, -q32-0-LoJ<:^ ), 4.45 (s. IK.-O^LoJ ). 

79 : tip 157-163°/0.05 torr; 

(on*"^) : 3420 (hydroxyl), 2280, 2220 (-C=C-) , 
1135, 1120, 1080, 1030 (-0THP) , 


-5(0014) = 
3,3-4. 2 (m, 

4,7 (s, IH, 


2.39 (m, 2H, -CsC-CH^-), 2.9 (s, IH, -CH 2 -OH) , 
4H, -CH^- 4.26 (t, 2H, -CH 2 -OH) , 


CompourKa 79 could be anticipated to be a versatile synthon. 
At its present oxidation state it could be effective for the 
synthesis of insect sex pheromones and other natural products 
having a methylene skipped n array. Alternately, 79 could be 
converted to the aldehyde which coxld then be a good precursor for 
systems having conjugated 7l-tasi%s« This aspect has been 
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illustrated with an efficient and highly stereoselective 
synthesis of banbykol. 


The synthesis of l-hydroxy hexadeca (E) 10, (Z) l2-diene (83, 
bombykol) , the sex pheromone of Bombvx mori * **'^^ 

1-Tetrahyd ropy ran yloxy 12- hydroxy dodec 10-yne (79) was 

stereos el ectively hydrogenated over 5% Pd-BaSO^ to the allylic 
alcohol 80 (96%) which was then oxidised with PCC to l-tetrahydro- 
pyranyloxy 12-oxo dodec (E) lO-ene (81) (84%). Carefully 
controlled Wittig reaction of 8J. with n-butyltriphenylphosphonium 
bromide gave 1-tetrahydropyranyloxy hexadeca (E) lO, (Z) 1 2-diene 
(82) (65%) which was de-protected with PPTS-EtOH to bombykol 83 
(98%) (overall yield from 79 , 33%) (Chart C.XVI) . 


* The isolation of lepidopterous sex pheromones was pioneered 

by Butenandt and co-workers, who, after almost twenty years 
of experimental work, starting with the glands from 500,000 
females, identified (lOE, 122)-10,12 hexadecadien l-ol (bombykol) 
as a pheromone of the fanale silkworm moth, Bgmbyx mori . The 
four geometric isomers of the conjugated dienol^were synthe- 
sised for comparison with the physiochemical and biological 
properties of the natural pheromone and the lOE, 12Z isomer was 
found to be by far the most attractive to male silkworm moths 
in laboratory bioassays, leaving no doubt that the natural 
pheromone is mainly the 10 E, 12Z isomer. 
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80 : bp l43-<145°/0.07 torr; 

* ^^25 (hydroxyl) , li3 5, 1120, 1080, 

1030 (-0THP) . 

^ (CCl^) = 2H, -CH=CH-CH2-) , 2.9-.4.0 (m, 7H, 

-CH 2 -oJs^Qj<r| , -CH 2 -OH), 4.4 (s, IH, -O^J ), 5.3 (m, 
2H, -CHsCH-) . - 

^ (aldehyde), 1640 (double bond) , 

1135, 1120, 1080, 1030 (-0THP) . 


§2 


•• 1 

2 ^r„«^,(neat) (an ) : 

i t I 


nmrj 6 (t. 


-CH2-(CH»CH)2CH2-) , 3 
(S, IH, ) 


1135, 1120, 1080, 1030 (-OTHP) . 

* 

3H, G|^-CH2-), 2.0 (m, 4H, 

.0-4.0 (m, 4H, -CH 2 - >. 

, 4.95-6.3 (m, 4H, -CH=CH-CH=Cf^) 


4.4 


83 : ir: v (neat) (on”^) : 3340 (hydroxyl), 

rn ow% 

500 MHz nrnr: ® (^^1 ) ' CH 2 -CH 2 -) , 1. 5 -2.25 (m, 4H, 

^ 2,88 (s, IH, -CH 2 -OH) , 3.62 (t, 2H, 
-CH 2 -OH) , 5,35 (dt, lH, -CH2-CH=CH-CH=CH-) , 5.62 (dt, lH, 
-CH2-CH«CB-CH=CH-) , 5.95(dd, lH, -GH2-CH=CH-CIfeCB-) , 6,3 
(dd,lH, -CH2-GH«CB-CIfeGH.-) . 


GC analysis of 8 ^ by Dr, David R. Hall, on l,8m x 2inm i.d. . 
5% 4- (p-methoxycinnamyloxy)-4'-methoxyazobenzene on Gas Ghrom Q 
column showed that the diene contained 89,3% of the desired E, Z 
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isomer admixed with l.&i z,2, 9.2% e,e and with only a very small 
amount of the Z,E isomer. 

The present route to bombykol, by far, is the most 
attractive , in terms of the stereochemical purity and the avai- 
lability of the starting materials. 

In the early ejcperlments^ the hydroxymethyl ation was 

studied with methyl undec 10-ynoate (76), It was found that 

whilst the n— B uXjI procedure is not compatible with the ester 

function, the desired hydroxymethyl ation could be achieved, in 

modest yields# using the classical procedure involving a copper 

79 

acetylide species, leading to methyl l 2- hydroxy dodec 10-ynoate 
(84) , Although g4 is not a preferred intermediate for the 
synthesis of bombykol, it should be of use for the pr^aration 
of compounds that possess an ester function. This is illustrated 
with a practical synthesis of the natural product, traumatin. 

80 

The synthesis of methyl 12-oxo dodec (E) 10-enoate (85, traumatin) 

Hydroxymethyl ation of methyl undec 10-ynoate (76) with 
cuprous oxide and formalin, in dioxan, gave methyl 12- hydroxy 

I /'■ ' 

dodec 10-ynoate (84) (26%) which was selectively hydrogenated to 
the allylic alcohol 85 (90%), PCC oxidation of 85 gave methyl 
12-0x0 dodec (E) 10-enoate (8d , ttaumatin) (68%) (Chart C,XVII) . 
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Chart C.XVII 



H 2<t Pd /BaSQ^, 
quinoline 



PCC 



86 



85 


84 ; bp l33-l37°/0.4 torr; 

(hydroxyl), 2280, 2220 (-C^C-) , 

1740 (ester). 

nmr ;6 (cci^)5 2.21 (m, 4H, -CEC-CH 2 -, -CH 2 -COOCH 2 ) , 3. 22 
(s, IH, -CH^-OH) , 3,59 (s, 3H, -COOCH^^ » 4.08 (t, 2H, 
-CH^-OH) . 

85 : bp 9 2-96°/0.03 torr; 

it: V j^^x^’^^SLt) (cm“^) ; 3400 (hydroxyl), 1740 (ester). 

nmt: 2.2 (m, 4H, -CH 2 -COOCH 3 , -CH=CH-CH 2 -) , 

3.25 is, IH, -CH 2 -OH) , 3,6 (s, 3H, -COOCH^) , 4.03 (t, 
2H, -CH 2 -OH) , ,5.45 (m, 2H, -CH.CH-) , 

§6 : ir; v^^^(neat) (cm~^) ; 1740 (ester), 1720 (aldehyde). 

Semicarbazone : mp 130-13 2°. 

irs V n^gQ{;^^t) s 3470 (-NH) , 1740 (ester), 1690 (amide), 

1660 (double bond), 

nmr: 6 ^^^ 2 i )* -CH=N-) , 7.40 (br, IH, -NH) , 

6.10 (br, 2 H, -CONH 2 ), 5,62 (br, 2H, -CH=CH-) , 3.68 (s, 
3H, -COOCH 3 ), 2.25 (m, 4H, -CH 2 -CH=CH-, -CH 2 -COCMe) . 


Parenthetically# the two immediate lower homologs of 
methyl l2-oxo dodec (E) lO-enoate i8€) , namely, methyl 11-oxo 
undec (E) 9-enoate and methyl 10-rOxo dec (E) 8-enoate have been 
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prepared by our group from castor oil, and they, in turn, have 
been transformed to prostaglandins and insect sex pheranones. 
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PPM (6) 90 MHz 




97 
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E. EXPERIMENTAL 


Bps are imcorrected. IR spectra were recorded on Perkin 
Elmer Model 580 spectrophotometer as neat liquids. NMR spectra 
ware obtained on 'v 10-15% solutions in CCl^ or CDCl^ on R-32 
and EM 390 spectrometers. The chemical shifts are reported in 
ppm downfield from internal TMS at 0.00 as internal standard. 
Elemental analyses were carried out in Coleman automatic C,H 
analysers, silica gel G (acme) was used for tic and column 
chromatography was done on silica gel (acme, 100-200 mesh) 
columns. Reactions were monitored, wherever possible, by tic, 

GC analysis was done on 1.8m x 2mm i.d, 5% SE 30/0.5% Carbowax 
20M/Chromosorb W HP, 1.8m x 2mra i.d, 1.5% Carbowax 20M on 
Chromosorb G AW DMCS, 100-120 mesh, and 1.8m x 2mm i.d. 5% 

4_ (p-rnethoxycinnamyloxy) -4’-methoxyazobenzene on Gas Chrom Q 


columns 
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I. Trans-esterification of castor oil (_1; R=glyceride) : 

Preparation of methyl ricinoleate (l.; R= -Me) 

A solution of castor oil (932 g, 1 mol) in MeOH (3.5 1), 
containing situ generated NaOMe [ from Na (l.O g, 0.043 mol)J^ 

was refluxed for 1 hr, solvents evaporated, the residue shaJcen 
with 50% aqueous MeOH (300 ml)/ the upper layer separated, dried 
(MgSO^) and distilled to give 795.6 g (85%) of methyl ricinoleate 
(1, R=Me)/ bp 128-130^/0.02 torr. 

Anal. Calcd. for (Mol. Wt. 312) 

C, 73.07; H, 11.53 
Found C, 73.18; H, 11.48% 
ir: V (cm”^) : 3440 (hydroxyl) , 1742 (ester) . 

nmr:6^^j^^^ y. 3.65 (s, 3H, -COOCH^), 5.45 (m, 2H, -CH=CH-) . 

2 2 2 

II. TTs+cTs+ors Fracpnentation of methyl ricinoleate 
(_!/ R=Me) : Isolation of methyl undec 10-enoate (_2) 

and n-heptaldehyde (3) 

Under a set-up for distillation, methyl ricinoleate (lOOg), 
evenly supported on clean sand (50g),was pyrolysed with a Bunsen 
burner of luminous flame for 0.75 hr, during which 87, Og of a 
light green distillate was collected. The small amount of vjater 
that came over was separated and the residue on distillation gave 
heptaldehyde (2) (ll«3g, 77%) (l52°/760 torr), methyl undec 10- 

enoate (2) (I2.5g, 49%), bp 80-8l°/0.9 torr and unchanged methyl 

ricinoleate (60.0g) . 



Anal. Calcd. for (Mol. Wt. 198) 

C, 72.72; 11.1 

Foiind C, 72.9 ; H, 11.24% 

•* *1 

ir; V (neat) (cm ) : 1742 (ester) , 1640 (dotible bond) . 
max 

nmr:6^^j^^^ y. 3.68 (s, 3H^ -COOCH^) / 4.98 (m, 2H, CH 2 =CH-) , 

5.78 (m, IH, CH 2 =CH-) . 

III. Lithium Al’uminium hydride reduction of 2: Preparation of 
1-hydroxy undec lO-ene (4) 

A solution of 2 (S.Sg, 0.028 mol) in dry ether (50 ml) was 
added, in drops, to a well stirred suspension of LAH (2,0g, 

0.052 mol) in dry ether (lOO ml). The mixture was left stirred 
till reaction was complete (tic, 2 hr), excess reagent destroyed 
by cautious addition of water, acidified with ice-cold 2N H 2 S 0 ^, 
diluted with ether, the organic layer washed with satd. NaHCO^/ 
brine, dried (MgSO^) , solvents evaporated and the residue 
distilled to give 4.5g (95.3%) of 4, bp 76-80°/0.05 torr. 

Anal. Calcd. for 

C, 77.65; H, 12.94 
Foiand C, 77.56; H, 12.94% 

ir: V (neat) (cm“^) : 3350 (hydroxyl), 1645 (do\ible bond). 
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IV. Reaction of alcohol 4 with DHP in presence of PPTS: Pre- 
paration of 1-tetrahydropyranyloxy undec lO-ene (5) 

Pyridinixim p-toluenesulfonate (PPTS) was prepared by 
cautious addition of p- toluene sulfonic acid monohydrate (5.7g, 

30 mniol) to stirred pyridine (12 ml# 150 mmol)# followed by, 
after additional 0.5 hr stirring at RT, evaporation of solvents 
in vacuo at 60*^ and cirystallisation from acetone; yield 6.8g 
(90%), mp 120°. 

A solution of alcohol 4 (4.0g, 0.024 mol), 5, 6-dihydropyran 
(3.024g, 0.036 mol) and PPTS (0.62g, 0.0024 mol) in (70 ml) 

was left stirred, at RT, for 4 hr, diluted with ether, washed with 
18% NaCl, dried (MgSO^) , solvents evaporated and the residue on 
distillation gave 5.3g (88.7%) of 5, bp 85-88^/0.05 torr. 

Anal. Calcd. for (Mol. Wt. 254) 

C, 75.59; H, 11.81 
Found C, 75,95; H, 12.05% 

ir: V (neat) (cm”^) : 1640 (double bond), 1135, 1120, 1080, 1030, 
max 

(-0THP). 

8l 

V. Hydroboration and Oxidation of 5 : Preparation of l-tetra- 

hydropyranyloxy undecanal (6) 

Under nitrogen, a standardized solution of diborane in 
THF (0.83M; 34 ml, 0.028 mol) was added, in drops, to ice-cooled 
and stirred neat olefin 5 (lOg, 0.04 mol). The reaction mixture 
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was left stirred at 0° for 2 hr and then for additional 2 hr at 
RT, during which period _5 was consumed (tic) . The resulting 
trialkylborane solution was concentrated in vacuo and added/ in 
drops / to a well stirred suspension of pyridini\im chloro chromate 
(26. Og/ 0.12 mol) and sodiiom acetate (l.9g/ 0.023 mol) in dry 
dichloromethane (150 ml). After the initial vigorous reaction 
had subsided/ the stirred mixture was refluxed for 4 hr/ cooled 
to RT/ diluted with ether (600 ml)/ introduced onto a short 
column of silica gel (d/ 2.5 cm/ lOOg, 100-200 mesh)/ eluted with 
ether (200 ml) and solvents evaporated to give 7.6l2g (71.6%) of 
6. The aldehyde 6 was used as such in the following experiment, 

ir: V (neat) (cm ^) : 1730 (aldehyde)/ 1135/ 1120. 1080/ 1030/ 
max 

(-0THP) . 

82 

VI, Reaction of aldehyde 6 with Ph 2 P=CBr 2 : Preparation of 
1-tetrahydropyranyloxy 12 gem - d ibromo dodec 11-ene (7) 

83 

Carbon tetrabromide was prepared conveniently as follows 
Bromine (40.0g/ 0.25 mol) was added/ in drops, to a vigorously 
stirred and cooled ( ■^ 0°C) solution of NaOH (30. Og/ 0.75 mol) in 
water (300 ml). After the addition was complete the reaction 
mixture was left stirred until it attained RT ( r* 2 hr) . Freshly 
distilled bromoform (30. Og/ 0.12 mol) was then added, in drops, 
and the stirring continued for another 5 hr. The precipitated 
carbon tetrabromide was filtered and dried, yield 34. 5g (97.4%), 
mp 86-89°, 
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A solution of the aldehyde 6 (7.6gy 0.028 mol) in dry 
dichloromethane (15 ml) was added, in drops, to the stirred 
reagent, prepared ^ situ from a mixture of Ph^P (l5.72g, 0.06 mol), 

CBr 4 (l9.68g, 0,06 mol), Zn dust (3.9g, 0.06 mol) and dry CH 2 CI 2 
(150 ml) and left stirred for 24 hr. After addition, the 
reaction mixture was left stirred for additional 2 hr, then 
diluted with hexane (600 ml), triturated, decanted, the residue 
treated successively vrith CH 2 CI 2 (50 ml) and hexane (200 ml), 
triturated, decanted, and finally the residue treated once again 
with CH 2 CI 2 (50 ml), hexane (200 ml) , triturated and decanted. 

The combined decanted portions were dried and evaporated to give 
9.4g (78.6%) of crude 7 which was used in the following 
experiment. 

ir: V (neat) (cm~^) : 1620 (double bond), 1135, 1120, 1080, 
msix 

1030 (OTHP) . 

VII. Li-Hg debromination of Preparation of the key synthon, 
1-tetrahydropyranyloxy dodec 11-yne (8) 

Lithium amalgam, (1.5%), was conveniently prepared as 
follows: clean mercury (100 g) protected by tetralin (30 ml) was 
heated by an oil bath at 180-190°C, Lithium (l.5g, 0,2 mol), cut 
into small pieces, was introduced, one by one, pressing each 
piece down into the hot mercury with a glass rod. After addition, 
the set up was allowed to attain RT, decanted, the amalgam 
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repeatedly washed with dry ether, powdered and transferred into 
a three-necked flask fitted with a mechanical stirrer for the 
following experiment. 

To mechanically stirred 1,5% Li-Hg (lOOg, 0.2 mol) and 
dry ether (200 ml) was added, in drops, a solution of (12. Og, 
0.028 mol) in dry ether (50 ml). The reaction mixture was left 
stirred at RT for 20 hr, cautiously treated with water (50 ml), 
diluted with ether, the organic extract washed with water, brine, 
dried (MgSO^) , evaporated and the residue on distillation gave 
3.5g (47%) of pure 8, bp 120-125°/0.2 torr. The yield reflects 
the fact that the precursors §_ and 2 were used without 'puri- 
fication because of their limited stability. 

Anal. Calcd. for (Mol. Wt, 266) 

C, 76.69; H, 11.28 
Foxond C, 76.81; H, 10,96% 

xri V (neat) (cm” ^) : 3310 (-C=C-H) , 2120 (-CSC-) , 1135, 1120, 
max 

1080, 1030 (-0THP) . 

nmr: 6 1.9 (t, IH, H-C=C-) , 2.25 (m, 2H, -CsC-CH^-) , 

3. 2-4.0 (m, 4H, ) , 4.58 (s, IH, ) , 

H 

VIII. A convenient degradation of n-heptaldehyde (3) to hexanoic 
acid ( 10) 

84 

a. 1-Acetoxy heptene (9) 

A mixture of freshly distilled heptaldehyde (71. Og, 
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0.622 mol)/ freshly ignited K^CO^ (12, Og, 0.087 mol) and acetic 
anhydride (140 ml) was reflxixed for 1 hr, cooled to RT, washed 
with warm water/ 5% Na2C02/ brine, dried (MgSO^) and fractionated 
to give 60g (76.1?4) of 9, bp 88-90°/l7 torr and 23. Og of 
unchanged 3, 

— 1 

ir: V (neat) (cm ): 1760 (acetate), 1675 (double bond), 
max 

b. Oxidation of l-acetoxyheptene (9) : Preparation of 

hexanoic acid (10) 

Neat l-acetoxyheptene (9) (20.0g, 0.13 mol) was added 

to a stirred solution of the Cr 02 “AC 20 reagent - prepared at 0°, 
by addition of, in small portions, CrO^ (38, Og, 0,38 mol) to 
stirred AC2O(400 mol) and then allowed to attain RT - cautiously, 
in drops, to control the vigorously exothermic reaction. The 
reaction mixture was left stirred for 3 hr, solvents evaporated 
in vacuo , the residue admixed with 2I!T H 2 S 0 ^ (l 1) , extracted with 
benzene, evaporated, the residue triturated with satd. NaHCO^/ 
extracted with ether, the aqueous layer cautiously made acidic 
( 2N HCl) , extracted with ether, the organic extract dried (MgSO^) , 
solvents evaporated and the residue on distillation gave 9,87g 
(66.4%) of hexanoic acid ( 10 ) , bp 45-46^/0.9 torr. 

ir: V (neat) (cm“^) : 1710 (carboxylic acid), identical to an 
max 

authentic sample of hexanoic acid. 
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IX, Transformation of hexanoic acid (l^) to hexyl bromide ( 13) 

Fischer esterification of 10 (20g/ 0.17 mol) with 

Me 0 H-H 2 S 0 ^ (catalyst) gave 22. 4g (100%) of methyl hexanoate( ll) 

[bp 150° (ir: V ^(neat) (cm”^) : 1742 (ester)] which was trans- 

formed to n-hexanol (l^) , bp 155-156°, in 92% yields, with LAH 

_ “1 

in ether fir: v (neat) (cm ■^) : 3360 (hydroxyl) 1 . Reaction with 
L max j j j 

red phosphorus-bromine gave n-hexylbromide (bp 154-156°, 81%) 
whose ir was identical with that of an authentic sanple. 

X . Alkylation of 1-tetrahydropyranyloxy dodec 11-yne (8) ; 

Preparation of 1-tetrahydropyranyloxy octadec ll-vne( 14) 

Under nitrogen, n-butyl lithixim (l,66g, 0,026 mol) in 
hexane (11 ml) was added, in drops, to stirred and cooled (<r 10°) 

8 (3.5g, 0.013 mol) in dry THF (20 ml), followed by a solution 
of n-hexyl bromide (4.26g, 0.026 mol) in dry HMPT (20 ml), whilst 
keeping the temperature below 25°. The reaction mixture was left 
stirred for 0.5 hr, admixed with ice-water, extracted with hexane, 
the organic layer washed with water, brine, dried (MgSO^) , 
solvents evaporated and the residue on distillation gave 4.32g 
94% of 14, bp 140-145°/0.03 torr. 

Anal. Calcd. for ^23^42^2 *'^*^^* 350) 

C, 78.85; H, 12.0 

Fo-und C, 78.5 ; H, 12.38% 

ir: V (neat) (cm"^) : 1135, 1120, 1080, 1030 (-0THP) . 
max 
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nmr: 6 yZ 0.9 {t, 3H, CH^-CH^-) , 2.05 (m, 4H, -CH 2 “C=C-CH 2 -) / 

3.15-4.0 (m, 4H, -CH -0-1^^ i^) , 4.5 (s. IH^ -0-i J ). 

XI. De-protection of lAz Preparation of 1 -hydroxy octadec 
ll-yne ( 15 ) 

A mixture of ]A (3.0g, 8.6 mmol), ethanol (50 ml) and 
PPTS (0. 224g/ 0.86 mmol) was left stirred for 3 hr at 70°, 
solvents evaporated vacuo , the residue admixed with ether 

(300 ml), washed with brine, dried (MgSO^) , solvents evaporated 
and the residue on distillation gave 2.28g ( 100 %) of 15 , 
bp 103-l07°/0.03 torr. 

Anal. Calcd. for ^^^ 8 ^ 3 4 *^ (Mol. Wt. 266) 

C, 81,20; H, 12.78 

Found C, 81,22; H, 12.30% 

ir: V (neat) (cm”^) : 3330 (hydroxyl) 
max 

nmr: y. 0.9 (t, 3H, CH^-CH^-) , 2,1 (m, 4H, -CH^-CsC-CH^-) , 

3.08 (s, IH, -CH 2 OH) , 3.5 (t, 2H, -CH^-OH) . 

XII. Stereoselective hydrogenation of 1^: Preparation of 1-hydroxy 
octadec (Z) 11-ene (16) 

A solution of (0.13g, 0.5 mmol) in methanol (5 ml) was 
partially hydrogenated over 5% Pd on BaSO^ (0.04g) , further 
de-activated with a micro-drop of synthetic quinoline. The 
hydrogen uptake was carefully monitored and the reaction stopped 
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soon after the calculated volume was absorbed. The hydrogenation 
was repeated with several *^0.5 mmol batches of 33. The combined 
crude product on distillation gave a 96% yield of 16 / 
bp 105°/0,03 torr. 

Anal. Calcd. for C^gH^gO (Mol. wt. 268) 

C/ 80.6 ; H, 13.43 

Pound C, 81.0 ; H, 13.15% 

ir: V (neat) (cm ) : 3330 (hydroxyl) . 
max 

nmr: 6 ): 0.9 (t, 3H/ CHg-CH^-) , 1.95 (m, 4H, -CH 2 CH=CH-CH 2 -) » 

3.5 (t/ 3H, -CH^-OH) / 5.3 (m^ 2H/ -CH=CH-) . 

XIII, Oxidation of 33: Preparation of 1-oxo octadec (z) 11-ene 
(17) / the pheromone of Achrola qrisella 

Neat 13 (0.48g, 1.8 mmol) was added in one lot to a stirred 
suspension of pyridiniiam ch loro chromate (PCC) (0.65g/ 3,0 mmol) in 
dry dichloromethane (5 ml). The reaction mixture was left stirred 
at RT for 2 hr, admixed with dry ether (20 ml), decanted, the 
residue further extracted with dry ether (3 x 25 ml) , the combined 
extracts passed through a small column (2.5 cm x 10 cm) packed 
with silica gel and solvents evaporated to vacuo to give 0,46g 
(96.6%) of 22- 

Anal. Calcd. for (Mol. Wt. 266) 

C, 81,20; H, 12.78 
Found C, 81.28; H, 12.76% 
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ir: ^ (aldehyde) 

nmr: d y. 0.9 (t, 3H, CH^-CH^-) / 1.98 (m, 4H^ -CH^-CH=CH-CH^-) , 

2.32 (t, 2H, -CH 2 CHO) , 5.3 (m, 2H, -CH=CH-) , 9.65 (t/ IH, -CHO) . 

Q c: 

XIV. Direct transformation of 1 ^ to l-acetoxy octadec ll~vne( 18) 

A solution of lA (3.5g, 10 mmol) in AcOH: AcCl: : 10: 1 (11 ml) 
was left aside overnight, poured onto crushed ice, extracted 
with hexane, the organic layer washed v/ith 10 % NaHCO^, water, 
brine, dried (MgSO^) , evaporated and the residue on distillation 
gave 2.7lg ( 88 %) of 18, bp 105-ll0°/0.05 torr. 

Anal. Calcd. for c: 2 oH 3 g 02 (Mol. Wt. 308) 

C, 77.92; H, 11.69 

Foxind C, 77.62; H, 11.80% 

— 1 . 

ir: V (neat) (cm ) : 1740 (acetate) . 

. max 

nmr: 6 , 0^9 CH 3 -CH 2 -) , 1.95 (s, 3H, -OCOCH 3 ), 2.05 

(m, 4H, -CK^-C-C-^CK^-) , 3.98 (t, 2H, -CH 2 -OCOCH 3 ) . 

XV. Stereoselective hydrogenation of 18: Preparation of l-acetoxy 
octadec (z) 11 -ene ( 19 ) , the pheromone of Lycorea ceres ceres 

A stirred solution of (0.l54g, 0.5 mmol) in methanol 
(5 ml) was partially hydrogenated as described in Experiment XII. 
The hydrogen uptake was carefully monitored and the reaction 
stopped soon after the calculated volume was absorbed. The 
catalyst was filtered off, solvents evaporated and the residue 
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chromatographed on a small coliimn of silica gel. Elution with 
benzene gave 0.15g (96,8%) of 19. 

Anal. Calcd. for C^QH^gO^ (Mol. Wt. 310) 

C, 77.42; H, 12.26 

Found C, 77.6 ; 11.97% 

ir: V (neat) (cm~^) : 1740 (acetate) . 
max 

nmr: 6 y. 0.8 (t, 3H, CH 2 -CH 2 -) , 1.9 (s, 3H, -OCOCHg) , 3.93 

(t, 2H, -CH^-OCOCHg) , 5.3 (m, 2H, -CH=CH-) . 
glc: 1.8m x 2mm. i.d. 5% 4- (p-methoxycinnamyloxy) -4 ' -methoxy- 
azobenzene 

120° ■■■■ - ' ^ > E:Z: : 1.7:98.3. 


XVI. Alkylation of 1-tetrahydropyranyloxy dodec 11-yne (8) : 

Preparation of l-tetrahydropyranyloxy hexadec 11-yne (20) 

Alkylation of 8 (2.6g/ 0.01 mol) with n-butyl bromide 
(l-.6g, 0.012 mol) as described in Experiment X gave 3,01g (95,7%) 
of 20_, bp l37-140°/0 . 03 torr. 


Anal. Calcd. for *^21^38^2 ^22) 

C, 78.26; H, 11.80 

Found C, 78.0 ; 11.58% 

ir: V (neat) (cm”^) : 1135, 1120, 1080, 1030 (-0THP) . 
max 


nmr 


: 6 (cci 3H, CH^-CH^-) , 2,05 {m^ 4H^ -CH^-CsC-CH^-) 

3*0— 4*0 (m, 4H/ — CH^— obo9c| ), 4.5 (s, IH, ). 
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XVII. De-pro-tectlon of l-te-trahydropyranyloxy hexadec ll-yne 
(20) : Preparation of 1-hydroxy hexadec 11-yne ( 21) 

A solution of _20 (l.2g/ 3.7 mmol) and PPTS (O.lg, 0,4 mmol) 
in ethanol (20 ml) was left stirred at 70^ for 3 hr and then 
processed as described in Experiment XI to give 0.87g (98%) of 
2A, bp 95°/0.03 torr. 

Anal. Calcd. for (Mol. Wt. 238) 

C, 80.67; H, 12.61 
Poland C, 81.14; H, 12.4 
ir: V (neat) (cm"*^) : 3340 (hydroxyl) , 

nmr: 6 ^ i 0.9 (t, 3H, CH^-CH^-) / 2v05 (m, 4H, -CK^-C^C-CH^-) / 

2.4 (s, IH, -CH^OH) , 3.5 (t, 2H, -CK2-OH) . 

XVIII. Stereoselective hydrogenation of 21i Preparation of 
1-hydroxy hexadec (z) 11-ene (22) , the pheromone of 
Mamestra conf iqurata 

A stirred solution of _21^ (0,1^20g, 0.5 mmol) in methanol 
(5 ml) was partially hydrogenated as described in Eoqaeriment XII. 
Elution with benzene:ethyl acetate: : 85: 15 gave 0,112g (92.6%) of 
22 . 

Anal. Calcd. for C^gH220 (Mol. Wt. 240) 

C, 80.0 ; 13.33 

Found C, 80.35; H, 12.88% 

ir: V (neat) (cm”^) : 3320 (hydroxyl), 
max 
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nmr: 6 0.9 (t, 3H^ CH 2 »CH 2 -) / 1.95 (m, 4H, -CH^-CH=Cn-~Cli 2 -) , 

2,8 is, IH, -CH^-OH), 3.5 (t, 2H, -CH 2 -OH) , 5.3 (m, 2H,-CH=CH-). 

XIX. Direct transformation of 20 to 1-acetoxy hexadec ll-vne( 23) 

A solution of 20 (0.65g, 2.0 mmol) in AcOH:AcCl: : 10: 1 
(11 ml) was left aside overnight. Work-up as described in 
Experiment XIV gave 0.47g (83.2%) of 23, bp 90^/0.03 torr. 

Anal. Calcd. for (Mol. Wt. 280) 

C, 77.14; H, 11.43 

Found C, 76.88; 11.2% 

ir: V (neat) (cm ) : 1740 (acetate) . 
max 

nmr; y. 0.9 (t, 3H, CH 3 -CH 2 -) , 1.95 (m, 7H, , 

-OCOCH 3 ), 3.98 (t, 2H, -CH 2 -OCOCH 3 ) . 

XX. Stereoselective hydrogenation of 23: Preparation of 1-acetoxy 
hexadec (Z) 11 -ene ( 24 ) , the pheromone of Scotoqramma t .-ifolii 

A stirred solution of _23 (0.140g, 0.5 mmol) in methanol 
(5 ml) was partially hydrogenated over 5% Pd/BaSO^ as described 
in E 3 <periment XII. Elution with benzene gave 0.136g (96.5%) 
of 2±, 

Anal. Calcd. for C^gH 3^02 (Mol. Wt. 282) 

C, 76.60; H, 12.06 
Found C, 76.65; H, 11.78% 
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ir: (cm” 

: 

1740 

(acetate) . 



(t^ 

3H, 

CH 2 -CH 2 -), 1.95 (m, 7H, 

-CH 2 -CH=CH-CH 2 - / 

-OCOCHj), 3.95 

it, 

2H, 

-CH 2 OCOCH 3 ), 5.3 (m, 2H, 

-CH=CH-) . 


XXI. Alkylation of 1-tetrahydropyranyloxy dodec 11-yne ( 8 ) : 
Preparation of 1-tetrahydropyranyloxy tetradec ll-vne(25) 

Alkylation of 8 (3.0g/ 0.011 mol) with bromoethane (2.59g, 
0.024 mol) as described in Experiment X gave 3.1 g (93.4%) of 25 , 
bp 125-130°/0.03 torr. 

Anal. Calcd, for C]_9-"^34^2 294) 

C, 77.55; H, 11.56 
Pound C, 77.60; H, 11.20% 
ir: ^(neat) (cm“^) : 1135, 1120, 1080, 1030 (-0THP) , 

ITidLX 

nmr: 6 ) ’• 1.1 (t, 3H, CH 2 -CH 2 “) , 2.05 (m, 4H, -CH 2 -CHC-CH 2 -) , 

3. 1-4.0 (m, 4H, -CH 2 - 0 -l^J^~ ), 4.4 (s, IH, -0;koJ > • 

— H 

XXII. De-protection of 1-tetrahydropyranyloxy tetradec 11-yne (25) : 
Preparation of 1 -hydroxy tetradec 11 -yne ( 26) 

A solution of 25 (2.0g, 6.8 mmol) and PPTS (0,183g, 

0.7 mmol) in ethanol (50 ml) was left stirred at 70*^ for 3 hr and 
processed as described in Experiment XI to give 1.3g (91%) of 
26 , bp 90°/0.03 torr. 

Anal. Calcd. for C^^H 2 gO (Mol. Wt. 210) 

C, 80.0 ; H, 12.38 
Found C, 79.61; H, 12.47% 
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ir: V = 3340 (hydroxyl). 

nmr: 6 )' CH^-CH^-) # 2.1 (m, 4H, -CH 2 -C=C-CH 2 -) / 

2.95 (s, IH, -CH 2 OH), 3.52 (t, 2H, -.CH 2 -OH) . 

XXIII. Stereoselective hydrogenation of Preparation' of 
l~hydroxy tetradec (z) 11 -ene i2j) , the pheromone of 
Archips rosanus 

A stirred solution of 26 (0.21g, 0.001 mol) in methanol 
(5 ml) was partially hydrogenated as described in Experiment XII. 
Elution with benzene:ethyl acetate: : 85: 15 gave 0.205g (96.7%) 
of 27. 

Anal. Calcd. for C^^H 2 qO (Mol. Wt. 212) 

C, 79.24; H, 13.2 

Fomd C, 79.1 ; 13.18% 

ir: V (neat) (cm ) ; 3340 (hydroxyl) . 
max ^ 

nmr: 6(^01 )' '• " ' ' 

-CH 2 -CH=CH-CH 2 -) / 3.5 (t, 3K, -CH 2 OH) , 5.2 (m, 2H, -CH=CH-) . 

XXIV. Direct transformation of 25 to 1-acetoxy tetradec ll-vne(28) 

A solution of 25 (l.Og, 3.4 mmol) in AcOH:AcCl: 10 ; 1 (11 ml) 
was left aside overnight. Work up as described in Experiment XIV 
gave 0.78g (91%) of 28, bp 112-ll5°/0.03 torr. 

Anal. Calcd. for C^gH 2 g 02 (Mol. Wt. 252) 

C, 76.19; H, 11.11 

Found C, 75.95; H, 10.00% 
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V ' 1740 (acetate), 

nmr: 6 (^cl )■ 3H, CH^-CH^-) , 1.8 (s, 3H, -OCOCH 3 ) , 2.1 

(m, m, -CH^-C^C-CH^-) / 3.9 (ty 2U, -CH^OCOCH^) . 

XXV. Stereoselective hydrogenation of 28: Preparation of 
1-acetoxy tetradec (Z) ll~ene (29), the pheromone of 
Choristoneura rosace an a 

A stirred solution of 28 (0.252g, O.OOl mol) in methanol 
(5 ml) v/as partially hydrogenated over 5% Pd/BaSO^ as described 
in Experiment XII. Elution with benzene gave 0.248g (97.6%) of 29. 

Anal. Calcd. for ^26^30*^2 ^54) 

C, 75.59; H, 11.81 

Found C, 75.78; H, 11.64% 

—1 

ir: V (neat) (cm ) : 1740 (acetate) . 
max 

nmr: 6 0.95 (t, 3H, CH^-CH^-) , 2.05 (m, 7H,-CH^-CH=CH-CH2-* 

-OCOCH^) , 3.95 (t, 2 H, -CH^-OCOCH^) , 5.28 (m, 2H, -CH=CH-) . 
glc: 1.8m x 2mm i.d, 5% 4- (p-methoxycinnamyloxy) -4 * -methoxyazo- 
benzene on Chrom Q. 

120° g 207min^ E:2:':5:95 

XXVI. Sodium-liquid ammonia reduction of l-tetrahydropyranyloxv 
tetradec 11 -yne (2^5) : Preparation of 1-tetrahydropyranyloxy 

tetradec (e) 11 -ene (30) 

Sodium (l.l5g, 0.05 mol) was added, in two lots, to a 
stirred solution of the acetylene 25 (4. Og, 0,014 mol) in liquid 



148 


ammonia (50 ml) and dry THP (50 ml), the reaction mixture left 
stirred until the blue colour was discharged^ the ammonia allowed 
to evaporate, treated with saturated aqueous ammonium chloride 
(20 m.l) , poured onto hexane (150 ml), washed with water, brine, 
dried (MgSO^) and evaporated to give 3.6g (89.3%) of 

Anal. Calcd. for ^^^9^3^02 (Mol. Wt. 296) 

C, 77.03; H, 12.16 
Pound C, 76.92; H, 12.31% 
ir: V (neat) (cm"^) ; 1135, 1120, 1080, 1030 (-CTHP) . 

iTIqpX. 

nmr: 6 0.95 (t, 3H, CH^-CH^-) , 1.95 (m, 4H, 

-GH2”CH=:CH-CH2-) , 3. 0-4.0 (m, 4H, ), 4.5 (s, IH, 

-0^ J ), 5.32 (m, 2H, -CH=CH-) . 

0 

De-protection of l-tetrahydropyranyloxy tetradec (£) 11-ene 
(30) : Preparation of 1-hydroxy tetradec (E) 11-ene (31) , 

the pheromone of Archlps argyrospylus 

A solution of (l.2g, 4 mmol) and PPTS (O.lg, 0.4 mmol) 
in ethanol (20 ml) was left stirred at 70° for 3 hr and processed 
as described in Experiment XI to give 0.77g (89.6%) of 31 . 

Anal. Calcd. for C^^H2gO (Mol. Wt. 212) 

C, 79.24; H, 13.21 

Found C, 79- 56; H, 13.28% 

ir: V (neat) (cm”^) : 3340 (hydroxyl), 
max 

nmr: : 0.95 (t, 3H, CH3-CH2-) , 1.95 (m, 4H,-CH2-CH=CH-CH2-), 

3.5 (m, 3H, -CH2-OH), 5.32 (m, 2H, -CH=CH-) . 
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XXVIII, Direct tr^sformation of 30 to 1 -acetoxy tetradec (E) 
11 -ene {ZT) # the pheromone of Platyonota stultana 

A solution of 3^ (0.6g/ 2 mmol) in AcOH : AcCl : : 10 : 1 (11 ml) 
was left aside overnight. Work-up as described in Experiment XIV 
gave 0.45g (87.6%) of 32 , 

Anal. Calcd. for (Mol. Wt. 254) 

Id 3U 2 

C. 75.59; H, 11.81 

Fomd C, 75.11; H, 12.07% 

ir; V (neat) (cm ): 1740 (acetate). 

*^max 

nmr: 6 (cd )• ^*55 (t# 3H, CH 2 -CH 2 -) / 1,95 (m^ 7H,-CH2-CH=CH-CH2-# 
-OCOCH^)^ 3.98 (t, 2H, -CH 2 -OCOCH 3 ) , 5.32 (m, 2H^ -CH=CH-) , 

XXIX. De-protection of 1-tetrahydropyranyloxy dodec 11-yne ( 8 ) : 
Preparation of 1-hydroxy dodec 11-yne (33) 

A solution of 8 (2.7g/ 0.01 mol) and PPTS (0.26g/ 0,001 mol) 
in ethanol (20 ml) was left stirred at 70° for 3 hr and processed 
as described in Experiment XI. Elution with benzene: ethyl acetate 
;:90:10 gave 1.80g (97,8%) of 33 . 

Anal. Calcd. for ^^ 2 ^ 22 ° 

C, 79.12; H, 12.09 
Found C, 79.24; H, 11.91% 

ir: - 1 ) (neat) (cm**^) : 3340 (hydroxyl), 3310 (-C=C-H) , 2120 
•^max 

(-CSC-) . 
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nmr: 6 (^^ 3 ^ ): 1.79 (t, IH, H-C=C-) , 2.05 {m, 2 H, H-CeC-CH^-) / 

4r 

2.83 (s, IH, -CH^-OH) y 3.4 it, 2H, -CH 2 -OH) , 

XXX. Oxidation of 1- hydroxy dodec 11-yne (3^) : Preparation of 
dodec 11-ynoic acid ( 34 ) 

Jones' reagent [prepared from CrO^ (l.4g, 0.014 mol)^ water 
(2 ml) and cone. H^SO^ ( 0.12 ml, 0.02 mol)] was cooled (‘-■’ 0 °) and 
added, in drops, to a stirred solution of ^ (l, 8 g, 0*01 mol) in 
acetone (5 ml), maintaining the temperature below 20°. The 
reaction mixture was left stirred for 3 hr, diluted with ether, 
washed with aqueous NaHSO^, water, brine, dried (MgS 0 _^) and 
evaporated to give 1.69g (87.2%) of M, bp 76°/0.03 torr. 

Anal. Calcd. for ^^-^20^2 

C, 73.47; H, 10.20 
Found C, -73.59; H, 9.94% 

ir: V (neat) (cm*’ ^) : 3310 (-C=C-H) , 2120 ( -C=C-) , 1710 
max 

(carboxylic acid) . 

nmr: 6 )- 1*69 (t, IH, H-C=C-) , 2.1 (m, 4H, 

-CH 2 -COOH) , 11.2 (s, IH, -COOH) . 

XXXI. Alkylation of dodec 11-ynoic acid (^) : Preparation of 
octadec ll-ynoic acid (3^) 

Under nitrogen, a solution of n-butyl lithium (0.69g, 

0.015 mol) in ether (15 ml) was added to a stirred and cooled 
( '^ 0 °G) solution of dodec ll-ynoic acid (34) (l.Og, 0,005 mol) 
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in HMPT (25 ml) followed by, in drops, neat hexyl bromide (l,6g, 
0,01 mol). The reaction mixture was left stirred overnight at 
RT, poured onto ice water, extracted with ether, the aqueous 
layer acidified with cold 2N H 2 S 0 ^, extracted with ether, washed 
with brine, dried (MgSO^) , solvents evaporated to give 1.2g 
(83.9%) of bp 85-87^/0.03 torr. 

ir : V (cm~^) : 1710 (carboxylic acid) . 

XXXII. Stereoselective hydrogenation of Preparation of 

octadec (2) ll-enoic acid (36, vaccenic acid) 

A solution of ^ (0.132g, 0,47 mmol) in methanol (5 ml) 
was partially hydrogenated over 5% Pd/BaSO^ as described in 
Experiment XII, and distilled to give 0,124g (93.2%) of 36 , 
bp l05°/0.05 torr. 

Anal. Calcd. for ‘^^8^34^2 282) 

C, 76.59; H, 12.06 

Found C, 76.82; H, 12.38% 

— 1 

ir : V (neat) (cm ) : 1710 (carboxylic acid) . 
max 

nmr:6 )• 1*82 (t, 3H, CH^-CH^-) , 1.9 (m, 4H, 

-CH 2 -CH=CH-CH 2 -) , 2.2 (t, 2H, -CH^COOH) , 5.19 (m, 2H, 

-CH=CH-) . 
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XXXIII. Attempted -CH=CH 2 ^ -CH^-CsC-H change with 2: 

Isolation of methyl dodec 11-ynoate (4^) and trideca 
1/12 diyne ( 41 ) 


Methyl mdec 10-enoate ^ (_2) (20.0g, 0.1 mol)/ was processed 

through sequence/ B 2 Hg addition -PCC oxidation/ Ph 2 P=CBr 2 Wittig 

reaction and Li-Hg treatment as described in Ejiperiments V/ VI 

and VII. The resulting product (?.0g/ bp 50-52*^/0.03 torr ) , 

consisted of two closely moving components (tic, benzene) and 

GC on 3% S2-30 column showed that their composition was roughly 

1:1. A portion of the crude product was chromatographed on silica 

gel. Elution with hexane : benzene :: 80: 20 gave the diyne 41 : 

ir: V (neat) (cm"^) : 3310 (-C=C-H) / 2120 (-C=C-) . 
max 

nmr: 6 (CDCI ) ’ H-CeC-) , 2.05 (m/ 411/ H-CaC-CH 2 -) . 

Further elution v/ith hexane :benzene: : 25: 75 gave the yne ester 40 


Anal* 

Calcd. for ^]_3^22'^2 

(Mol. VJt. 

210) 



C, 74.29; K/ 

10.48 




Found C/ 74.6 ; H, 

10,7 % 



ir: V 

(neat) (cm”^) : 3310 

max 

(-CsC-H) 

/ 2120 

(-C=C-) , 1740 (ester) i 

nmr: 

(CCl .) ' 

H-C=C-) / 

2.35 

(m/ 4H/ H-CSC-CH2-/ 


-CH 2 -COOCH 2 ) / 3,72 (s/ 3H/ -COOCH^) . 


XXXIV. The preparation of t-butyl xxndec 10-enoate ( 42 ) 

In a Paar pressure vessel/ isobutylene (lO ml) [prepared 
from oxalic acid (lO.Og/ 0.08 mol) and dry t-butahol (20 inl) ] 
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was admixed with a cooled ( 00 - 30 °) solution of londec 10~enoic 
acid (lO.Og, 0.054 mol) [prepared from aqueous KOH saponification 
of methyl \mdec 10 -enoate ( 2 )] and cone. H^SO^ ( 0 . 5 g) in dry 
dichloromethane (lO ml). The vessel was closed, left stirred at 
RT for 36 hr, cautiously opened, the contents poured onto water, 
extracted with ether (3 x 100 ml), washed with satd. NaHCO^, 
brine, dried (MgSO^) and evaporated. The resulting crude product 
was chromatographed on a short col-umn of silica gel. Elution 
with benzene gave 8 . 2g (63%) of 42 . 

Anal. Calcd. for 240) 

C, 75.0 ; H, 11,67 
Found- C, 75.36; H, 11.82% 

ir: a; (neat) (cm ^) : 1730 (ester), 1635 (dovible bond) . 

lilaLX 

nmr: : 1.4 (s, 9H, - 0000 ( 022 ) 3 )/ H^C=CH-CH^-, 

-CR^-COO'^Bu) , 4.85 (m, 2H, H 20 =OH-) , 5.75 (m, IH, H 20 = 0 H-) . 

XXXV. The transformation of t-butyl undec 10-enoate (4^) to 
t-butyl dodec 11-ynoate ( 45 ) 

The hydroboration - oxidation of t-butyl undec 10-enoate 
( 42 ) (8.0g, 0,033 mol) by procedures described in Ej^periment V, 
gave smoothly the aldehyde ester 43 (75,2%) which was transformed, 
in 63% yields, to the dibromide 44 and then to the acetylene 45 
(46%) by procedures described in Experiments VI and VII. 

•**1 

43: ir: V (neat) (cm ): 1730 (broad, aldehyde, ester), 

— max 
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44: ir: y (neat) (cm“^) : 1730 (ester), 1620 (double bond) . 

niauX. 

45 : Anal. Calcd. for C]l6'^28°2 ^52) 

G, 76.19; H, 11.11 
Foxind C, 76.63; H, 10.82% 

ir: v (neat) (cm“^) : 3310 (-C=C-H) , 2120 (-C=C-) , 1730 
( ester) . 

nmr: <5 y. 1.4 (s, 9H, - 0000 ( 022 ) 3 )/ 1.78 (t, IH, H-GeC-) , 

2.1 (m, 4H, H-G=G-GH 2 -, -GH2G00’^Bu) . 

XXXVI. Degradation of methyl imdec 10-enoate (_2) to methyl non 
8 -enoate (56) 

The transformation of methyl undec lO-enoate (2) to methyl 
dec 9-enoate (49) was carried out by procedures reported from our 
laboratory (Tetrahedron 36 , 1869 (1980)). The observed physical 
data (ir, nmr) of the compounds involved were in excellent accord 
with that reported. 

a. Addition of PhFigBr to 49: Preparation of the adduct 50 

To a well stirred solution of PhMgBr [ prepared from Mg 
(9.6g, 0.4 mol) and bromobenzene (62.8g, 0.4 mol)j in ether 
(500 ml)/ was added, in drops, over 1 hr, keeping the temperature 
below 20°, a solution of methyl dec 9-enoate (49) (36. 8g, 0.2 mol) 

in ether (500 ml) . The mixture was refl\ixed for 2.5 hr, the 
Grignard complex decomposed with ice cold 2N H 2 S 0 ^, extracted 





155 


with ether, washed with satd. ISiaHCO^, brine, dried (MgSG^) and 
evaporated to yield 60. 4g (98%) of the alcohol which was used 
as such for the following e>:periment. 

ir: (hydroxyl), 1632 (double bond) , 1590 

(phenyl) . 


b. Dehydration of alcohol 5£: Preparation of diene 53^ 

Neat alcohol (60. 4g) was held at 200*^ for 0.5 hr and 
fractionally distilled to give 47, 3g (83.2%) of bp 175°/O.ltorr. 


Anal. Calcd. for C 22 H 2 g(Mol. Wt. 290) 

C, 91.03; H, 8.96 
Fomd C, 90.84; H, 9.16% 

ir: V (neat) (cm**^) : 1640 (double bond), 1600 (phenyl), 
max 

nmr: 6 ): 2.03 (m, 4H, -CH^-CHr^CH-) , 4.9 (m, 2H, CH 2 =CH-.) , 

5.85 (m, IH, CH 2 =CH-), 7.12 (m, aromatic). 


c. Oxidation of diene Preparation of non 8-enoic acid (52) 


To a vigorously stirred solution of (I5.6g, 0.054 mol) 
in glacial acetic acid (250 ml) was added, in drops, over 1.5 hr, 
a solution of chromium trioxide (I4.0g, 0.14 mol) in water (15 ml). 
After an additional 0.5 hr stirring the reaction mixture was 
poured onto ice cold 2N H^SO^ (0.75 1), extracted with benzene 
(5 X 100 ml) and evaporated. The residue was triturated with 
satd. NaHCO^ and extracted with ether (2 x 100 ml) , The aqueous 
layer was carefully acidified with ice cold ^ HCl, extracted^ ^ 
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with ether (3 x 100 ml) , the organic extracts washed with brine, 
dried (MgSO^) and evaporated to give 5.26g (62.7%) of 
bp 75°/0.05 torr. 

Anal. Calcd. for (Mol. Wt. 156) 

G, 69.23; H, 10.25 
Foiond C, 69.66; H, 9.87% 

^(neat) (cm”^) : 1710 (carboxylic acid), 1635 (doxible bond), 
max 

nmr: 6 y. 2,0 (m, 2H, CH 2 =CH-CH 2 -) , 2.3 (t, 2H, -CH 2 COOH) , 

4.95 (m, 2H, CHy^CH--) , 5.75 (m, IH, CH 2 =CH- ) , 1 1 . 7 ( s , IH, -COOH) . 

d. Fischer esterification of non 8-enoic acid (52) : Preparation 
of methyl non 8-enoate ( 56 ) 

A solution of non 8-enoic acid ( 52 ) (5,0g, 0.032 mol) in 

dry methanol (150 ml) was admixed with cone. H2S0^ (0.5 ml) and 
refluxed for 2 hr. Methanol was distilled off, the residue poured 
onto ice cold water (500 ml) , extracted with ether (3 x 100 ml) , 
washed with satd. NaHCO^, brine, dried (MgSO^) and evaporated to 
give 5.1g (93.6%) of 56 , bp 58-60°/0.3 torr. 

ir: V (neat) (cm~^) : 1740 (ester), 1640 (double bond), 
max 

nmr: 6 (^ci )* CH 2 =CH-CH 2 -, -CH 2 COOMe) , 3.5 (s, 3H, 

-COOCH^), 4.85 (m, 2H, H 2 C=CH-) , 5.65 (m, IH, CH 2 =CH-) . 
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XXXVII. Fischer esterification of decane 1,10 dioic acid (53) : 
Preparation of dimethyl decane 1,10 dioate ( 54 ) 

A solution of sebacic acid (53) (30. Og, 0,15 mol) - . 

87 

prepared by fragmentation of castor oil with hot aqueous alkali - 
in dry methanol (400 ml) v/as admixed with cone. H2S0^ (5,0 ml) 
and refluxed for 4 hr. Methanol was distilled off, the residue 
poured onto ice cold water (300 ml), extracted with ether 
(3 X 100 ml), washed with satd. NaHCO^, brine, dried (MgSO^) .and 
evaporated to give 31. Og (90,8%) of 54, bp 102*^/0,05 torr. 

Anal. Calcd. for ^12^22^4 230) • 

C, 62.61; H, 9.57 

Found C, 62.62; H, 9.48% 

— 1 

ir: V (neat) (cm ): 1740 (ester), 
max 

nmr: 6 (^(21 )* 2*25 (t, 4H, -CH^-COOMe) , 3.6 (s, 6H, -CH 2 -COOCH 2 ) . 

XXXVIII. Partial saponification of Preparation of methyl 

decane 1,10 dioic acid monoester ( 55 ) 

Freshly crystallized barium hydroxide octahydrate (I2.8g, 
0.04 mol) in methanol (SO ml) was added to a stirred solution 
of 54 (20,0g, 0.087 mol) in benzene (32 ml). The reaction mixture 
was left stirred at RT for 20 hr, the separated bariiim salt of 55 
collected, decomposed with 10% HCl (200 ml), extracted with benzene 
( 2 X 100 ml), filtered to remove sebacic acid ( 2. Og) arising from 
complete saponification, dried (Na 2 S 0 ^) and evaporated to give 
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8.89g of bp 146^/0.1 torr* The benzene-methanol filtrate 

after isolation of the bariiim salt of on evaporation/ gave 
6.0g of unchanged 54. Yield of S5 based on recovered 54 and 
sebacic acid/ 80.7%. 

Anal. Calcd. for (Mol. Wt. 216) 

C/ 61.11; H/ 9.26 
Found C, 60.92; H, 9.48% 

ir: V (neat) (cm ^) : 1740 (ester), 1690 (carboxylic acid). 

rua.^ 

nmr: i 2.25 (m, 4H, -CH^COOMe, -CH^COOH) , 3.6 (s, SH, 

-CH^COOCH^)/ 11.6 (s/ IH/ -CH 2 COOH) . 

XXXIX. Oxidative decarboxylation of 55: Preparation of methyl 
non 8-enoate ( 56 ) 

88 

a . Preparation of lead tetracetate 

To a mechanically stirred and heated ( 60°) solution of 

acetic anhydride (15. Sg, 0.152 mol) in glacial acetic acid (46. Og, 
0.766 mol) was added, in batches, red lead powder (25. Og, 

0.0364 mol) maintaining the temperature below 65°, each batch of 
red lead being added when the colour due to the preceding portion 
had disappeared. After the addition was over the reaction mixture 
was heated at 80° for an additional 0.5 hr, cooled, the crude 
product filtered and dried in vacuo ; yield 13. Og (81%). Grystalii 
zation from a hot solution of 2% acetic anhydride in glacial 
acetic acid and treatment with animal charcoal gave the reagent 
as pure, beautiful, white crystals, mp 189°. 
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b . Decarboxyl ative elimination of 55 


Under nitrogen, a mixture of ^ (lO.Sg, 0.05 mol), freshly 
crystallised lead tetraacetate(33. 2g, 0.075 mol), pyridine (3,95g, 
0,05 mol), cupric acetate (l.7g, 0.0085 mol) and dry benzene 
(200 ml) was left stirred for 0.25 hr, heated gradually (CAUTION i 
DO 2 evolution) to reflux which was continued for 3 hr, cooled to 
RT, ethylene glycol added (<>’20 ml), diluted with water, extracted 
with benzene (3 x 100 ml), the organic extracts washed several 
times with dilute ('^0,5N), water, satd. NaHCO^, brine, dried 

(MgSO^) , evaporated and the crude product chromatographed on a 
short colxomn of silica gel (2 cm x 10 cm). Elution with benzene 
gave 3.8g (45%) of 56 . 


Anal. Calcd. for C,^H. qO. (Mol. Wt. 

lU 10 z 

C, 70.59; H, 10.59 


Pound C, 70.23; h, 10,8% 

ir: V ^ (neat) (cm”^) : 1740 (ester) , 
max 


*5(CC1^)= 2.1 

(m. 

4H, 

CH2=CH-CH, 

-COOCH^), 4.85 

(m. 

2H, 

CH2=CH-) , 


170) 


1640 (double bond) . 

-, -CH2CG0Me), 3.5 (s 
5.65 (m, IH, CH 2 =CH-) 



XL. Bromination-dehydrobromination of methyl non 8-enoate (56) : 

Preparation of non 8-ynoic acid (57) 

To an efficiently stirred and an ice cooled solution of 
methyl non 8-enoate ( 56) (l.Og, 0,006 mol) in CCl^ (lO ml) , was 
added bromine (0,96g, 0,006 mol) in GCl^ (2 ml). The mixture was 
allowed to attain RT, solvents evaporated in vacuo and the 
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resulting dibromide admixed with an aqueous solution of KOH 
^prepared from 3,6g KOH in 10 md water] , heated for 4 hr at 
135-145°, cooled, diluted with water, acidified with cold 
ON H^SO^, extracted with ether (3 x 50 ml), washed with brine, 
dried (MgSO^) and evaporated to give 0.8g (88.3%) of 57 , 
bp 102-105°/0.1 torr. 


Anal. Calcd. for 

C, 70,13; H, 9.09 
Fo-und C, 69.82; H, 9.48% 

ir: V (neat) (cm"^) : 3300 (-CsC-H) , 2120 (-C=C-) , 1710 
max 

(carboxylic acid) . 


nmr: 6 1.72 (t, 

-CH^COOH), 9,88 (s. 


IH, H-C=C-), 
IH, -COOH) . 


2.1 (m, 4H, H-C 5 C-CH 2 -. 


XLI. Modified Hxmsdiecker reaction of 55: Preparation of methyl 
9-bromo nonanoate ( 58) 

Under nitrogen, stirring and irradiation from a 300W 
tungsten lamp, a mixture of (9.0g, 0.042 mol), carbon tetra- 
chloride (150 ml) and red mercuric oxide (15. Ig, 0,07 mol) was 
brought to reflux and bromine (9.6g, 0.06 mol) was cautiously 
introduced over o' 0.1 hr and irradiation and reflxix continued for 
an additional 3 hr. The reaction mixture was cooled to RT, 
admixed with satd. NaHCO^ (100 ml), stirred vigorously for 0.25 hr, 
the two phase mixture filtered through a pad of silica gel, 
washed several times with chloroform, the combined organic 
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extracts washed with satd. NaHCO^# brine# dried (MgSO^) # evapo- 
rated and the residue chromatographed on a short column of silica 
gel. Elution with benzene gave 7,2g (68.8%) of 58 , 

Anal. Calcd, for C^QH^^O^Br (Mol. Wt. 251) 

C# 47.81; H# 7.57 
Poland C# 47.68; H# 7.1% 
ir: V (neat) (cm“^) : 1735 (ester). 

ITloUrC 

nmr: 2.25 (t# 2H# -CH2C00Me) # 3.33 (m# 2H# -CH 2 -Br) , 

3.6 is, 3H# -COOCH^) . 

XLII, Dehydrobromination of Attempted preparation of methyl 
non 8-enoate (_^) ; Isolation of and methyl non 7-enoate 

Neat (2.51g/ 0.01 mol) was added# in drops, to a 
stirred IM solution of potassium t-butoxide (1.7g# 0.015 mol) in 
dry t-butyl alcohol (15 ml) held at 75*^# the reaction mixture 
cooled to RT, poured onto ice cold water (150 ml) # extracted with 
ether, washed several times with cold water# brine# dried (MgSO^) # 
evaporated and the residue chromatographed on silica gel. Elution 
with benzene gave 0.5g (29,4%) of the olefinic fraction compri- 
sing of a mixture of and ^ (NMR) . 

XLIII. Fischer esterification of non 8-ynoic acid (^) : Prepara- 
tion of methyl non 8-ynoate (60) 

Under stirring# a solution of non 8-ynoic acid (5.0g#^^^^^ 
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0.032 mol) in dry methanol (250 ml) admixed with cone. H^SO^ 

(0*5 ml) was refluxed for 4 hr/ solvents evaporated/ the residue 
cautiously poured onto ice cold water (200 ml)/ extracted with 
ether (3 x 100 ml) / washed with satd. NaHCO^z brine/ dried (MgSO^) 
and evaporated to yield 4.7g (86.2%) of 60/ bp 62^/0,03 torr. 


Anal. Calcd. for C.p,H. ,0„ (Mol, Wt. 

lU Id Z 

C/ 71.43; H/ 9.52 

Pound C/ 71.12; H, 9.52% 

ir; v__(neat) (cm“^) : 3300 (-C=C-K) / 

max 

nmr;-6 1.75 (t/ IH, H-C^C-) , 

-CH^-COOMe) , 3.6 (s, 3H/ -COOCH^) 


168) 


2110 (-C5C-)/ 1735 (ester). 
2.2 im, 4H/ 


XL IV, Lithlxm aluminium hydride reduction of methyl non 8-vnoate 
(60) : Preparation of 1-hydroxy non 8-yne (61) 


A solution of 60 (2.5g/ 0.015 mol) in dry ether (15 ml) 
was added to a well stirred suspension of LAH (l.Og, 0,026 mol) 
in dry ether (lOO ml) maintained at RT, The mixture was left 
stirred for 2 hr/ excess reagent decomposed by cautious addition 
of cold water/ acidified with ice cold 2N H^SO,, extracted with 
ether, washed with satd. NaHCO^, brine/ dried (MgSO^) and 
evaporated to give 2.0g (96%) of 61 . 

Anal. Calcd. for (Mol. Wt. 140) 

C/ 77.14; H/ 11.43 

Fo\and C, 77.10; H/ 11.12% 
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(hydroxyl), 3300 (-CaC-H) , 2110 {«C=C-). 
*5 (CCI ) * 1*72 (t/ IH, H— CsC“) f 2»05 (iti, 2H, H— C^O— CH ) , 

3.52 (t, 3H, -CH-OH) . 


XLV. Preparation of 1-tetrahydropyranyioxy non 8-yne ( 62 ) 

A mixture of 61 (2.0g, 0.014 mol), 5, 6-dihydropyran (l,8g, 
0.021 mol), PPTS (0.365g, 0.0014 mol) and dry dichlorome thane 
(100 ml) was left stirred at RT for 4 hr, diluted with ether 
(150 ml), washed with 18% NaCl, dried, evaporated and the residue 
chromatographed on a short coliimn of silica gel. Elution with 
benzene gave 2.9g (90.6%) of 62. 


Anal. Calcd. for C2.^^24p2 224) 

C, 75.0 ;H, 10.71 
Found C, 74.73;H, 10.48% 

ir: V (neat) (cm"^) : 3300 (-C=C-H) , 2110 {-C-C-) , 1135, 1120, 
rrioX 

1080, 1030 (-0THP) . 


nmr: 1.7 (t, IH, H-C=C-) , 2.08 (m, 2H, H-C:SC-CH 2 -), 

3. 0-4.0 (m, 4H, -CH -0-i^ ) , 4.5 (s, IH, )• 


XLVI. Alkylation of 1-tetrahydropyranyloxy non 8-vne (62) : 

Preparation of l-tetrahydropyranyloxy dodec S-yne (63) 

Alkylation of 62 (l.Og, 0.0045 mol) with n-propyl bromide 
(l.lg, 0,009 mol) as described in Ejqjeriment X gave 1.05g (88.2%) 


of 63. 
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Anal. Caicd. for (Mol. Wt. 266) 

C, 76.69; H, 11.28 

Fo\md C, 76.23 ; H, 11.4@4 

(cm“^) : 1135^ 1120^ 1080, 1030 (-OTHP) . 

rriaLX, 

nmr: 6 (cci 0.98 (t, 3H, CH 3 -CH 2 -) , 2.0 (m, 4H, -CH 2 -C=C-CH 2 -) , 

3. 0-4.0 (m, 4H, -CH 2 -oJ^q J i^~ ), 4.5 (s, IH, ). 

XLVII. Direct transformation of to 1-acetoxy dodec 8 — yne ( 64) 

A solution of 63 (0.7g, 2.6 mmol) in AcOH : AcCl : : 10 : 1 (11 ml) 
was left aside overnight. Wofk-up as described in Ejq>eriment XIV 
gave 0.49g (83%) of 64 . 

Anal. Caicd. for ^24) 

C, 75.0 ; H, 10.71 

Found C, 74.86; H, 10.47% 

1 

ir: V (neat) (cm ) : 1740 (acetate) , 
max 

nmr: ^ ; 1.95 (s, 3H, -OCOCH^) , 2.1 (m, 4H, -CH 2 -C=C-CH 2 -) , 

4.0 (t, 2H, -CH 2 OCOCH 2 ) . 

I 

XLVIII. Stereoselective hydrogenation of _64: Preparation of 
1-acetoxy dodec (Z) 8 -ene (65), the sex pheromone of 
Grapholita molest a 

A stirred solution of 64 (0,224g, 0.001 mol) in methanol 
(5 ml) was hydrogenated over 5% Pd/BaSO^ as described in Experi- 
ment XII. Elution with benzene gave 0.220g (97%) of 65. 
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Anal. Calcd. (Mol. Wt. 226) 

C, 74.34; H, 11.50 
Found C, 74.46; H, 11.14% 

I’ (neat) (cm ^) ; 1735 (acetate), 
nmr: ^ (qqi ) ’ 0.9 (t, 3H, CH^-CH^-) , 1.92 (m, 7H, -CH 2 -CH=CH-CH 2 -^ 
-OCOCH 3 ), -CH^-OCOCH^) , 5.28 (m, 2 K, -q|=CH-) , 

XLIX. Sodium borohydride reduction of bromoacetone ( 66 ) : Prepara- 
tion of 1-bromo 2-hYdroxy propane ( 67 ) 

Neat bromoacetone (66) (ll.Og, 0.08 mol) - freshly 

89 

prepared by bromination of acetone - was added/ in drops / to 
a stirred and cooled (c^O®) suspension of sodium borohydride 
(l.5g/ 0.04 mol) in dry diglyme (10 ml)/ the reaction mixture 
left stirred overaight at RT/ excess reagent destroyed by cautious 
addition of acetic acid/ diluted with water/ extracted v/ith ether/ 
washed with satd. NaHCO^/ brine/ dried (MgSO^) and evaporated to 
give 6,5g (58.2%) of bp 146-149*^, 

ir: V (neat) (cm~^) : 3360 (hydroxyl) . 
max 

nmr: 6 (cci ) '• (d/ 3H/ CH^-CH-) / 3.32 (t, 2H, -CH 2 Br) / 3.72 

(S/ IH/ -CH-OH), 3.9 (m/ IH, -CH(OH) -CH^-) . 

L. Alkylation of non 8 -ynoic acid (^) : Preparation of 
11 -hydroxy dodec 8 -ynoic acid ( 68 ) 

A solution of n-butyl lithium (l.28g/ 0,02 mol) in ether 
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(20 ml) was added/ In drops, to a stirred and cooled (o^0°) 
solution of non 8-ynoic acid (_^) (l.Og, 0,0065 mol) in HMPT 
(25 ml), followed by, in drops, neat ^ (l.8g, 0.013 mol) 
maintaining the temperature at 0^ and the mixture was left 
stirred at RT overnight. Work-up as described in Ejperiment XXXI 
gave the product (l.Og) which by ir was adjudged to be a xj«l:l 
mixture of _68 and Since their separation was foxmd to be 

troublesome the crude product was used as such in the next 
experiment. 

* 3400 (hydroxyl), 1710 (carboxylic acid). 

LI, Sodiim-liquid ammonia reduction of _68: Preparation of 11- 
hydroxy dodec (e) 8-enoic acid (69) 

Sodium (l.l5g, 0.05 mol), was added, in two lots, to a 
stirred solution of 68 (l.Og) in liquid ammonia (50 ml) and dry 
THE (50 ml), the reaction mixture left stirred until the blue 
colour was discharged, ammonia allowed to evaporate, acidified 
with 2N H^SO^, poured onto water, extracted with ether, washed 
with water, brine, dried (MgSO^) and evaporated and the residue 
containing the desired w -hydroxy acid 69 was cyclised directly. 

77 

LII, Cyclisation of 69t Preparation of ll-hydroxy dodec (E) 
8-enoic acid lactone ( 70 ) 

The crude product from the above experiment (l.Og), 

2 , 2 ' dipyridyl disulfide (l.65g, 7,5 mol) and triphenylphosphine 
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(1.97g, 7,5 mmol) were dissolved in dry oxygen-free xylene (100 ml) 

and left stirred at RT for 5 hr. The resulting solution was then 

added slowly# over 10 hr# to 500 ml of dry refluxing xylene and 

the refluxing continued, under nitrogen, for 22 hr, solvents 

evaporated, the residue extracted with ether, the organic 

extracts washed with water, brine, dried (MgSO^) and evaporated. 

The crude product was carefully chromatographed on silica gel. 

Elution with petroleum ether: ether; : 95: 5 gave 0.05g of 70; 

nc, 

tic: Petroleum ether: Ether: :9: 1, 0,8, Lit. .0,8. 

ir; V (neat) (cm“^) ; 1740 (lactone), 
in 

nmr: 6 )* CH^-CHOCO-) , 2,58 (m, 6H, -CH^-Cn=Cn-CH^, 

-CH^-CO-), 5.24 (m, IH, CH^-CHOCO-) , 5.5 (m, 2H, -CH=CH-) . 

The above are in agreement with that reported for authentic 70, 

LIII, Preparation of 1-bromo 2— tetrahydropyranyloxy propane ( 71 ) 

A mixture of 67 (14. Og, 0.1 mol), 5,6 dihydropyran (12. 7g, 
0.15 mol) and PPTS (2.6g, 0.01 mol) in dry dichloromethane (350ml) 
was left stirred at RT for 4 hr, solvents evaporated and the 
residue chromatographed on a column of silica gel. Elution with 
benzene gave 18. 2g (81,6%) of 71 . 

In V icxrTh t 1135, 1120, 1080, 1030 (-OTHP) . 
nmr: 6 y. 1.25 (t, 3H, CH3-CH(0THP) -) , 3. 2-4.1 (m, 5H, 

CH 2 -CH(OTHP)-CH 2 -Br, 4.65 (s, IH, 
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LIV, Alkylation of 1-tetrahydropyranyloxy xindec lO-yne ilQ) with 
71 : Preparation of bis 1,13 tetrahydropyranyloxy tetradec 
10-yne (72) 

Alkylation of 78 (l.26g, 0.005 mol) with 71 (2.23g, -k 
0.01 mol) as described in Ej<periraent X gave l,5g (76.5%) of 72 . 

ir: v^^(neat) (cm”^) : 1135, 1120, 1080, 1030 (-OTHP) . 

LV, Hydroboration-oxidation of methyl tindec lO-enoate (_2) : 

Preparation of methyl undecane 1, ll~dioic acid monoester (73) 

A 0.8M solution of BH^.THF (10 ml, O.llg, 0,008 mol) was 
added, in drops, to stirred and cooled ("^0°) methyl undec 10- 
enoate (2) (5.0g, 0.025 mol). The reaction mixture was left 
stirred at 0° for 2 hr and then at RT for 2 hr (tic showed 
incomplete reaction i), methanol (2 ml) was introduced to destroy 
excess reagent, if any, and solvents evaporated iu vacuo , the 
resulting trialkylborane dissolved in acetone (15 ml), cooled 
to 0° and mder stirring admixed with, in drops, Jones' reagent 
[prepared from CrO^ (5.4g, 0.054 mol), water (7,5 ml) and 
cone. (8,4g, 0.09 mol)] , the mixture left stirred for 3 hr 

at RT, diluted with ether (150 ml), washed with aqueous NaHSO^, 
water, brine, evaporated, the residue triturated with satd. NaHCO^, 
extracted with ether (2 x 50 ml), the aqueous layer carefully 
acidified with ice cold 2N extracted with ether (3 x 75 ml), 

washed with brine, dried (MgSO^) and evaporated to give 1.47g of 
73 which was used as such for the following ejqjerimaat. 


pure 
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^ ^ ^ (ester), 1710 (carboxylic acid). 

The neutral ether extract was evaporated and chromatographed on 
a coltimn of silica gel. Elution with benzene gave 2.4g of 
unchanged _2. Yield based on recovered 2, 49%, 

LVI. Oxidative decarboxylation of 73: Preparation of methyl dec 
9-enoate ( 49 ) 

A mixture of _73 (l.Og, 0,004 mol), freshly prepared lead 
tetraacetate (2,6g, 0.006 mol), cupric acetate (0.14g, 0,007 mol), 
pyridine (0,316g, 0,004 mol) and dry benzene (20 ml) was left 
stirred for 0.25 hr and thoi further processed as in Experiment 
XXXIX to give 0,29g (36.3%) of 49 , bp 60— 61°/0»3 torr, whose 
spectral data was identical to that of an authentic sartple. 

Anal. Calcd. for ^-^1^20^2 

C, 71,74; H, 10.87 
Pound C, 71.52; H, llil9% 

ir: V (neat) (cm"^) : 1740 (ester) , 1655 (doiable bond) . 
max 

nmr: 6 3.68 (s, 3H, -COOCH^) , 4.9 (m, 2H, CH 2 =CH-.) , 

5.8 (m, IH, CH 2 =CH-) . , 

LVII. Bromination-dehydrobix>mination of methyl undec 10-enoate (_2) 
Preparation of londec lO^-ynoic acid ( 75 ) 

TO a well-stirred and ice cooled solution of methyl undec 
lO-enOate (2) (40.0g, 0,2 mol) in carbon tetrachloride (150 ml) 
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was added, in drops, bromine (32. Og, 0.2 mol). The reaction 
mixture was allowed to attain RT, solvents evaporated, the 
resulting dibromide (72.2g, 99.8%) suspended in aqueous KOH 
[prepared from 150g KOH and 90 ml v^ater] , efficiently stirred, 
heated to and held at 150-160° for 8 hr. The tendency for 
frothing was curbed by the periodical addition of small amounts 
of sodium lauiryl sulfate. Work-up as described in Experiment XL 
gave 18. Og (50%) of 75/ bp 112-115°/0.05 torr* 


Anal. Calcd. for (Mol, Wt, 182) 

C, 72.53; H, 9.89 
Found C, 72.78; H, 10.12% 

it: ^(neat) (cm"^) : 3310 (-C^-H) , 2120 (-C=C-) , 1710 (carbo- 

xylic acid) . 


nmr: 6 ) • l»7l (t, IH, H-C=C-) 
-CH^COOH), 11.2 (s, IH, -COOH) . 


2.2 (m 4H, H-C=C-CH 2 -/ 


LVIII. Fischer esterification of undec 10-ynoic acid (75) : 

Preparation of methyl xondec 10-ynoate (76) 

Under stirring, a solution of xmdec lO-ynoic acid (iS.Og, 
0,1 mol) in dry methanol (400 ml) admixed with cone. H 2 SO^ (O.Sg) 
was refluxed for 4 hr. Work-up as described in Experiment XLIII 
gave 18. 5g (95.4%) of methyl xmdec lO-ynoate (76) , • ' 

bp 70°/0,05 tOrr. 



Anal. Calcd. for 2^20^2 

C, 73.47; H, 10.2 
Pound C, 73,50; H, 9.93% 

ir; a;^^^(neat) (cm~^) : 3310 (-CfcC-H) , 2120 (-C=C-) ^ 1740 (ester), 
nmr: 6 j : 1.71 (t, IH, H-C=C-) ^ 2.15 (m, 4H, 

-.CH2C00Me)/ 3,54 (s, SH, -COOCH^) . 

LIX, Lithi^m aluminium hydride reduction of methyl xmdec 

lO-ynoate (76) : Preparation of 1-hydroxy undec 10-yne ( 77 ) 

A solution of 76 (6.0g/ 0.03 mol) in dry ether (20 ml) 
was added to a v/ell stirred suspension of LAH (2,0g/ 0,05 mol) 
in dry ether (lOO ml) maintadned at RT, The mixture was left 
stirred for 2 hr and on work-up as described in Experiment XLIV 
gave 4,7lg (91,6%) of 1-hydroxy \jndec 10-yne (77) . 

Anal. Calcd. for C^^K 2 qO (Mol. V?t. 168) 

C/ 78.57; 11.9 

Foxmd C, 78.99; H, 11.83% 

ir: V (neat) (cm“^) : 3350 (hydroxyl), 3310 (-C=C-H) , 2120 
max 

(-CrC-). 

nmr: <5 1.8 (t, IH, H-C=C-) , 2.1 (ra, 2H, H-C=C-CH 2 -) , 
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LX. Preparation of 1-tetrahydropyranyloxy xindec 10-yne (78) 

A mixture of alcohol IJ (4.2g, 0.025 mol), 5,6-dihydro- 
pyran (3.15g, 0.037 mol), PPTS (0.652g, 0.0025 mol) and dry 
dichloromethane (150 ml) was left stirred for 4 hr at RT. Work- 
up as described in Experiment XL V gave 6.272g (99,6%) of 78 , 
bp 95°/0.05 torr. 


Anal. Calcd, for ‘^26^28^2 


C, 76.19; H, 11.11 

Found C, 76.69; H, 10.89% 

ir: i; (neat) (cm“^) : 3310 (-C=C-H) , 2120 
max 

1080, 1030 (-0THP) . 


nmr 


: 6 (ccl )* (t, IH, H-CSC-), 2.1 (m, 

, 4H, )/ 4. 


3. 0-4.0 (m 


45 


(-CSC-), 1135, 1120, 

2H, H-C=C-CH2-), 

(s, IH, ). 


LXI, Hydroxymethyl ation of l-tetrahydropyranyloxy undec 10-yne (78): 

Preparation of 1-tetrahvdropvranvloxy 12-hvdroxv dodec 
10-yne (79) 


A solution of n-butyl lithium (2,0g, 0,032 mol) in ether 

(50 ml) was added, in drops, to a stirred and cooled (0^) solution 

of 78 (4.0g, 0,016 mol) in dry THF (30 ml). A suspension of 

paraformaldehyde (l.8g, 0.06 mol) (dried for several days ip vacuo 

over P^O^) in THF (20 ml) was then added and the reaction mixture 
2 5 

left stirred for an additional 1 hr, poured onto satd. NaCl 
(150 ml), extracted with ether, dried (MgSO^) , evaporated and the 
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residue fractionated to give 2.85g (63.6%) of 79 , 
bp 157-163^/0.05 torr. 

Anal. Calcd. for (MoI. Wt. 282) 

C, 72.34; H, 10.64 
Pomd C, 72.04; H, 10.19% 

^ i 

it: (neat) (cm ): 3420 (hydroxyl), 2280, 2220 (-c=C-) , 1135, 

1120, 1080, 1030 (-0THP) . 

nmr: y. 2.39 (m, 2H, -CaC-CH^-) / 2.9 (s, IH, -CH^-OH) , 

3.3-4. 2 (m, 4H, -CH - 0 - 1 ^ ), 4.26 (t, 2H, -CH„-OH) , 

^ U 

4.7 (s, IH, -0^ J >. • 


H 


LXII, Stereoselective hydrogenation of 79: Preparation of 

1-tetrahydropyranyloxy 12-hydroxy dodec (Z) 10-ene(80) 


A stirred solution of 79 (0. 282g, O.OOl mol) in methanol 
(5 ml) was partially hydrogenated over 5% Pd/BaSO^ as described 
in Ej<periment XII and the crude product chromatographed on silica 
gel. Elution with benzene: ethyl acetate: : 90: lO gave 0.273g (96%) 
of Several 0.001 mol batches of 79 were processed as above, 

combined and distilled, bp 143-145^/0.07 torr. 


Anal. Calcd. for (Mol. Wt. 284) 


Found 


C, 71.83; H, 11.27 
C, 72.12; H, 11^48% 


ir: V 


max 
(-0THP) . 


(neat) (cm~^) : 3425 (hydroxyl) , 1135, 1120, 1080, 1030 


nmr: 6 y. 1,9 (m, 2H, -CH=CH-CH^-) , 2.9-4.0 (m, 7H, 

■ H /TLI 

H 





H 


2-0H),4.4 (s, IH, -0^0^ 


) 
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IjXIII, Oxidatibn of 80 ; Preparation of 1— tetrahydropyranyloxy 
12-0X0 dodec (E) 10-ene (81) 

Neat alcohol ^ (l.8g^ 0,0063 mol) was added, in one lot, 
to a stirred suspension of PCC (2,15g, 0.01 mol) and sodi\im 
acetate {0,4g, 0,005 mol) in dry dichloromethane (20 ml). The 
reaction mixture was left stirred at RT for 2 hr, diluted with 
ether (50 ml), filtered through a pad of silica gel, washed 
repeatedly with ether, the combined filtrate dried (MgSO^) and 
evaporated to give l,5g (83,8%) of _8l, v/hich was used as such 
for the following experiment. 

ir: V (neat) (cm” ^) ; 1730 (aldehyde), 1640 (double bond), 1135, 
max 

1120, 1080, 1030 (-0THP) . 

LXIV. Preparation of 1- tetrahydropyranyloxy hexadeca (E) 10 , 

(Z) 12-dien8 ( 82 ) 

a . Preparation of n-butyltriphenylphosphonium bromide 

A solution of n-butyl bromide (15 ml) and triphenyl- 
phosphine (5.0g) in dry benzene (5 ml) was reflxaxed for 4 hr, 
cooled, the salt collected, washed with dry benzene, dried in 
vacuo and crystallised from chloroform to give 4.2g of the 
phosphonium salt, mp 242-243^. 
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90 

b . Reaction of ^ with n-butyltriphenylphosphonium bromide : 
Preparation of 1-tetrahydropyranyloxy hexadeca (E) 10, 

(Z) 12~diene ( 82 ) 

Under nitrogen, to a stirred suspension of freshly 
prepared n~butyltriphenylphosphonium bromide (4.8g, 0,012 mol) 
in dry THF (50 ml), was added, in drops, at RT a 0,5M soluticxi 
of potassium t-butoxide (l.3g, 0.012 mol) in THE (20 ml). The 
reaction mixture was left stirred for 0.5 hr when an orange 
yellow precipitate appeared. A solution of 81 ( 1. 5g, 0,0053 mol) 
in THF (10 ml) was then added, in drops, and stirring continued 
for an additional 2 hr. The reaction mixture was poured onto 
satd. NaCl-ether (1:1, 200 ml), the ether layer separated, dried 
(MgSO^) , evaporated and the residue chromatographed over silica 
gel. Elution with petroleum etherrbenzene: :75:25 gave l.lg 
(64.7%) of 82. 

Anal. Calcd. for C23_H3g02 (Mol. Wt. 322) 

C, 78.26; H, 11,80 

Found C, 78,41; H, 12.27% 

ir: V (neat) (cm ^) : 1135, 1120, 1080, 1030 (— OTHP) , 
max 

nmr: 6/^01 ->CH^CH=CH)CH^-) , 

vccx^/ I I 

3. 0 - 4.0 (m, 4H, (s, IH, -gjkoJ ' 

4.95-6.3 (m, 4H, -CH=CH-CH=CH-) . 



176 


LXV. De-protection of 82: Preparation of l-hydroxy hexadeca (E) 10, 
(z) 12-diene (^, bombykol) , the insect sex pheromone of 
Bombvx mori 

A mixture of 82 (0.9g, 0.0028 mol), PPTS {0.078g, 

0.0003 mol) and ethanol (10 ml) was left 

stirred at 70*^ for 4 hr, solvents evaporated iu vacuo and the 
residue chromatographed on silica gel. Elution with benzene: 
ethyl acetate: : 90: 10 gave 0.65g (97.7%) of 83 . 

Anal. Calcd. for C^^H^qO (Mol. Wt. 238) 

C, 80.67; H, 12.60 

Pound C, 80,23; H, 12.82% 

— 1 

ir: V (neat) (cm ) : 3340 (hydroxyl) . 
max 

nmr: 6 y. 0.95 (t, 3H, CH 2 -CH 2 -) , 2.0 (m, 4H, -CH^-CK=CH-~CH^-) j, 

2.88 is, IH, -CH^-OH), 3.62 (t, 2H, -CH 2 OH) , 5.35(bt,iH, 
-CH2-CH=CH-CH=CH-) , 5.62 (dt, IH, -CH2-CH=CH-CH=CH-) , 5.95 (dd, 

IH, -CH2-CH=CH-CH=CH-) , 6.3 (dd,lH, -CH2-CH=CH-CF=CH-) . 
glc: 1.8m x 2mm i.d. 5% 4- (p-methoxycinnanyloxy) -4 ‘-methoxy azo- 
benzene on Gas chrom Q 

3_20° 89.3% EZ, 1.6% ZZ, 9.2% EE. 

LXVI. Hydroxymethyl ation of methyl undec 10-ynoate (76) : Prepara- 
tion of 12-hydroxymethyl dodec 10-ynoate ( 84 ) 

. ^ 91 

a . Preparation of cuprous oxide 

A 20% hydrazine hydrate solution (3-5 ml) was mixed with a 
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solution of copper II acetate (lO.Og) in water {50 ml). After 
the cessation of nitrogen evolution, the yellowish orange cuprous 
oxide separated gradually over 1-2 hr. The mixture was filtered, 
the oxide washed repeatedly with water, alcohol and ether and 
dried vacuo . 

b . Preparation of 12-hydroxy methyl dodec 10-ynoate ( 84 ) 

A mixture of methyl undec 10-ynoate (76) (8.0g, 0,04 mol) , 

aqueous formaldehyde (30%, 20 ml), freshly prepared cuprous oxide 
(4,Gg, 0,03 mol) and dioxan (35 ml) was refluxed under nitrogen 
for 48 hr, cooled to RT, acidified with HCl (2N) , extracted with 
ether, (3 x 100 ml), washed ether extracts with HCl (3N), dried 
(MgSO.) and evaporated. Fractionation of the residue gave 2.4g 
(26.3%) of 84, bp 133-137°/0.4 torr. 

Anal. Calcd. for *^^^3^22^3 226) 

C, 69*01; H, 9.73 
Found C, 68.82; H, 9.98% 

ir: V (neat) (cm ^) : 3460 (hydroxyl), 2280, 2220 (-C=C— ) , 
max 

1740 (ester) . 

nmr: 6 y 2.21 (m, 4H, -C^C-CH^-, -CH^COCMe) , 3.22 (s, IH, 

-CH^OH) , 3.59 (s, 3H, -COOCH^) , 4.08 (t, 2H, -CH 2 -OH) . 
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LXVII. Stereoselective hydrogenation of 84: Preparation of 
12-hydroxy methyl dodec (Z) 10-enoate (85) 

. A stirred solution of 84 (0.226g, O.OQlmol) in methanol 
( 5 ml) was partially hydrogenated over 5% Pd/BaSO^ as described 
in Experiment XII. Several O.OQlmol batches were processed in 
this way, combined and distilled to obtain a 9054 yield of 85 , 
bp 92-96°/0.03 torr. 


Anal. Calcd. for 3^24^3 ^28) 

C, 68.42; H, 10.53 


Poxjnd C, 68.36; H, 10,24% 

ir: V (neat) (cm”^) : 3400 (hydroxyl), 1740 (ester), 
max 

nmr: 6 -Cn^COOMe, , 3.25 (s, IH, 

-CH^-OH), 3.6 (s, 3H, -COOCH^) , 4.03 (t, 2H, -CH 2 -OH) , 5.45 
(m, 2H, -CH=CH-) . 


LXVIII. Oxidation of 85: Preparation of methyl 12-oxo dodec 
(E) 10-6noate (86, traumatin) 

Neat alcohol ^ (l.Og, 4,4 mol) was added, in one lot, to 
a suspension of PCC (l.3g, 6.0 mmol) in dry dichlororaethane (5 ml). 
The reaction mixture was stirred at RT for 2 hr and worked up as 
described in Experiment LXIII to give 0.67g (68%) of 06; Semi- 
carbazone mp 130-132 . 

86: ir: V (neat) (cm" ^) : 1740 (ester), 1720 (aldehyde) 
max. 



Semicarbazone: 


Anal. Calcd. for C, .H ^N_0_ (Mol. Wt. 283) 

C, 59.36; H, 8.83 
Found 59.55; H, 8.55% 

ir: a; (KBr) ; 3470 (-NH) ^ 1740 (ester), 1690 (amide), 1660 

rn.a.jv 

(double bond) . 

nmr; 6 ) : 2.25 (m, 4H, <-CH 2 -CH=CH-, -CH2C00Me) , 3.68 (s, 3H, 

-COOCH^), 5.62 (br, 2H, -CH=CH-) , 6.10 (br, 2H, -CCMH 2 ) / 7.40 
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